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I. INTRODUCTION 
This study deals with the demand for a particular resource, 
fertilizer, by farmers. It is part of a larger study dealing with the 
demand for resources and the supply of products by farmers. It is an 
aggregative study, based on time series data, indicating the variables 
related to fertilizer use in the United States as a •whole and for ten 
agricultural regions* 
Improved knowledge of the important variables in resource demand 
by farmers is important for understanding supply phenomena. Agricultural 
economists are in agreement that the major problems of American agri­
culture revolve around the quantity of farm output and the amount of 
resources used in agriculture. To date, however, empirical measurement 
of aggregate supply phenomena has shown that the elasticity of the 
short-run supply function for farm products in the aggregate is very 
low. However, research workers have not been extremely successful in 
indicating the quantitative effect of product and factor prices and other 
related variables on output. 
A proposition which serves as the foundation for this study is that 
supply phenomena might best be explained by quantifying the variables 
related to demand for resources used in agriculture. Farmers make their 
more exact decisions on inputs; they only anticipate output, since 
exogenous variables such as weather and nature cannot be predicted or 
controlled. 
Improved knowledge of demand functions for resources such as 
fertilizer have importance to fanners, the producers or owners of 
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resources, outlook economists and program administratorse Up to the 
present time, little work has been done in estimating resource demand 
functions for farmers. Fertilizer is selected for the current study 
since time series data are available, both for the various regions of 
the United States and for individual nutrients such as N, PgO^ and KgO. 
Another favorable factor is that fertilizer is a resource which is easily 
divisible. In contrast to resources such as tractors and machinery, an 
individual fanner can purchase fertilizer in pound or ton quantities. 
He can readily adjust its use as the prices of fertilizer or crops change, 
or as other relevant variables change in magnitude. 
A. Trends in Fertilizer Use in the United States and 
in Ten Agricultural Regions During the Past Thirty Years 
The trend in the use of fertilizer in the United States has been to 
rise markedly in the past thirty years. These facts are verified in 
Appendix, Tables 11 and 12. As Table 11 indicates, farm use of commercial 
fertilizer in the United States in 1956 was 21.n million tons, a three­
fold increase over the 7.3 million tons used in 1926. Table 12 shows 
that the quantity of total plant nutrients purchased in the United States 
in 1956 was five times that of 1926. The quantity of nitrogen (N) pur­
chased alone was almost seven times that of 1926, while the quantity of 
phosphoric acid (PgO^) purchased was three times and potash (KgO) was 
six times that of 1926. 
Likewise, some significant regional changes in the use of ferti­
lizer have occurred in the past thirty years. In the Great Plains and 
Western States, very little fertilizer was being used in 1926. Thirty 
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years ago, most of the fertilizer was used in the Northeast, Corn Belt, 
, Appalachian, Southeast, and Delta States regions. After World War II, 
the use of commercial fertilizer increased rapidly. Half of the acreage 
fertilized in 195L (23), for example, was in the Corn Belt, Great Plains, 
and Western States. The most rapid regional increase was in the Northern 
Plains (region 8) where more than fifty-five times as much fertilizer was 
used in 1956 as in 1926. However, the quantity of fertilizer used in 
this region in 1956 was still less than in any other except in the 
Mountain region. The greatest tonnage of fertilizer used in 1956 was in 
the Corn Belt, followed by the Southeast and Appalachian regions. The 
consumption of total plant nutrients in each of the ten regions, too, has 
rapidly changed in the past thirty years. This is especially true for 
the Mountain and NorthemPlains regions where the consumption of total 
plant nutrients increased by more than 207 and 11*7 respectively, from 1926 
to 1956. In the remaining regions, trends towards use of more total plant 
nutrients have continued since 1926, except in the depression period, 
1931-33. 
Most of the fertilizer used in 1926 was applied to the more inten­
sively cultivated crops, such as cotton, tobacco, fruit and the truck 
crops in the Appalachian, Southeast and Delta States regions. These 
crops are still considered as important in fertilizer use, though several 
other crops and pasture (in the Great Plains) are also now widely fer­
tilized. Furthermore, the use of commercial fertilizer in the Com Belt, 
Appalachian, Southeast and Delta States regions, expanded markedly during 
the period 1950 to 1956 when fertilizer consumption was encouraged through 
conservation programs, acreage allotments and other government programs o 
k 
Along with and partly due to this increase in the use of fertilizer, 
as well as to improved techniques, the production function for crops has 
shifted upward. This upward shift in the production function is partly 
reflected in the yield data of Appendix, Table 10. On the average yields 
of the most important crops have increased by I4O percent over the last 
forty years. Cotton yields per acre were 30 percent greater in the 19U0-
Wl period than in the 1910-lU period, and 62 percent greater in the 1950-
55 period than in the 1910-llt période 
An important development favoring an upward trend in fertilizer 
use has been the ratio of crop prices to fertilizer costs. This is 
indicated graphically in Figure 1. The solid curve (a) shows that crop 
prices have been relatively greater than fertilizer prices during the 
period analyzed except during the depression period 1930-3U and in the 
period 1938-U0. This relationship indicates that the potential for 
increased fertilizer use exists in the sense that the value of crop 
response is still considerably greater than the cost of fertilizer in 
the United States. Comparing the index of fertilizer prices with the 
prices paid by farmers, with the latter being an indication of the 
relative cost of all inputs for farmers, the trend of fertilizer costs 
has been downswing, (see the broken curve (b) in Figure 1). In other 
words, the relative real cost of fertilizer as a resource input has 
declined relative to all other farm inputs. These two trends, the 
tending for (a) fertilizer prices to decline relative to crop prices and 
(b) real cost of fertilizer to decrease relative to real cost of all other 
farm inputs, indicate that the revolutionary increase with improved 
techniques in the production of fertilizer has been a reduction in costs 
200 
LU 
100 
FERTIL IZER PRICES 
PRICES PAID BY FARMERS 
50 55 45 1926 30 35 40 
Y E A R  
Fig. 1 (a) Ratio of index of crop prices to index of fertilizer prices. 
(b) Ratio of index of fertilizer prices to index of prices paid by farmers (1910-lit = 100). 
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during the past thirty years. 
With the upward shift of the production function coupled with the 
favorable ratio of crop prices to fertilizer costs and the downswing 
ratio of fertilizer prices to prices paid by farmers, it is probable 
that the upward trend of fertilizer use will continue over the next few 
years. 
B, Objectives 
The main objectives of this study are to predict the demand functions 
for commercial fertilizer, total plant nutrients, nitrogen, phosphoric 
acid, and potash for the United States; to predict the demand functions 
for commercial fertilizer and total plant nutrients for each of the ten 
agricultural regions; and to test empirically the demand elasticity for 
fertilizer and elasticities of fertilizer with respect to crop prices, 
farm incomes, the acreage of cropland, and time. Besides, simultaneous 
equation models will be used to provide some auxiliary information about 
the demand-supply relationships for fertilizer. Also, a forecasting 
equation will be developed for predicting fertilizer demand in future 
time periods. 
C. Order of Presentation 
Some economic theories relevant to this problem are discussed and 
related to the demand functions for fertilizer in the time series data 
in Chapter H„ 
Chapter HI illustrates the time series data used in this study and 
methodologies employed in measuring the estimates of the demand functions 
for fertilizer by fitting the single equation-least squares method. The 
7 
main algebraic form of equation used is a Cobb-Douglas type (3) and the 
first differences in logarithmic form, a linear and a modified quadratic 
form with a squared variable in time, used as alternative equations. In 
addition, a simultaneous equation model in the over-identified case was 
designed to measure the demand and supply functions for nitrogen. 
Chapters 17 and V deal with fitting the equations to the time series 
data and an appraisal of the statistical results for the United States 
and the ten selected regions respectively. Furthermore, the results for 
two-equation demand and supply models of nitrogen and from the expec­
tation model proposed by Nerlove (17) were estimated in corresponding 
Chapters VI and VII, 
Forecasts of possible commercial fertilizer in the United States 
in 1957, 1958, and 1965 are presented in Chapter VIII. 
The final chapter includes the general conclusions obtained from 
the research and suggests possible future research that might be done 
related to demand functions for other agricultural resources# 
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II. THEORETICAL BACKGROUND 
This section on theory provides the analytical foundation for the 
empirical models which follow. Three sets of theories are relevant in 
resource demand studies: (1) static theory which supposes perfect 
knowledge and lack of variables relating to time; (2) dynamic models 
which involve variables of time and, for firm analyses, the possibility 
of uncertainty in respect to prediction of quantities in future time 
periods; (3) the aggregate principle which concerns the transformation 
of regional relation into a national relation by means of linear 
aggregates# 
A. Static Theory of Resource-Demand by Firms 
This section deals with the variables which underlie the demand 
for resources by a firm. - We assume a competition with the objective of 
profit maximization. Two general types of information are necessary to 
specify the quantity of a particular factor demand. One is the produc­
tion function (8), and the other includes the prices of factors and 
products. Starting with a Cobb-Douglas (3) production function of the 
form in I, 
(I) Ï « a X b 
the output of Y depends upon a variable resource X. For maximum profits, 
a resource is demanded to the point where the marginal value product of 
the resource is equal to its marginal cost or the price of this resource 
under perfect competition. Thus, for any resource price there is a 
corresponding point on the marginal value product curve denoting the 
optimum quantity of the resource demanded. This explanation can be 
9 
shown in the following mathematical form; 
ax s-y 
After rearrangements, the quantity of a resource X demanded may be 
expressed as an algebraic equation H: 
(II) X =/ *x b""^ a"^ 
1 
b? 
In words, equation II states that the quantity of resource X demanded 
depends upon the resource/product price ratio, ^ x, and a regression 
P y 
coefficient, b, of output T with respect to the resource X. 
Figure 2 is presented to show the nature of the resource/product 
price ratio while Figure 3 shows that maximum profits can be denoted for 
any given resource/product price ratio by the tangency of the physical 
product curve and the price ratio line# 
Under the condition of maximizing profits, MVPX = Px, the farmers 
can find the optimum quantity OA of the resource X to be demanded, if a 
set of prices for factor and product are given. This emphasis can be 
shown graphically in Figure U. 
B. Dynamic Theory of Resource-Demand by Finns 
Dynamic theory of resource-demand (19) provides the fundamental 
theoretical framework for the numerical results to be presented later# 
Briefly, dynamic demand theory (25) explains the trend relationships 
between the quantity of purchases and the price for a particular resource# 
10 
Y 
0 
Y  
0 
Fig. 2 Factor/product price Fig. 3 Equation or price ratio 
ratios and marginal product 
to maximize profits 
$ 
Fig. U Equation of the marginal value 
product of a resource and the 
marginal cost of the resource 
i 
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However, when the quantity of purchases and. the price of a particular 
resource and other variables are a function of time, the dynamic demand 
function may lead not only to the trend of the changes of the system but 
also the trend of its velocities# Again, with respect to prediction of 
quantity in future time periods, the discount rate in a dynamic model is 
a function of uncertainty (11)* 
This theory has application especially for demand and supply 
functions in time series analyses and is applied in this study for 
estimating fertilizer for each of the ten regions and for the United 
States as a whole* 
The dynamic theory of resource-demand may be expressed in algebraic 
form, as in equation III: 
(III) Y - f (X1# Xg, X3, X^, X5, X6) 
Equation III shows that the quantity demanded of a particular resource Y, 
fertilizer, is a function of the independent variables X^ to X^, where X^ 
shows the fertilizer prices, X2 shows crop prices, X^ or X^ represents 
farm incomes, X^ is the total acreage of cropland and is time» This 
relationship also could be shown graphically as in hypothetical Figures 5a 
through 5f. 
Figure 5a shows that the hypothetical demand curve for fertilizer 
has a negative slope, which shifts to the right over time. A hypothetical 
price-time curve in Figure 5b and a hypothetical quantity-time curve for 
fertilizer in Figure could be constructed based on the assumption of 
equal time intervals. These indicate a negatively sloping price trend 
and a positively sloping quantity trend as shown in Figures 5b and 5c, 
respectively. 
12a 
Based on the behavior of farmers in decision making, a hypothetical 
income-demand may be assumed. The line IQ in Figure 5>d indicates that 
the demand for fertilizer with a positively sipping trend is closely 
correlated with farm income over time. In other words, farmers will 
likely bxy more fertilizer as a result of increasing incomes, ceteris 
paribus. 
Figure 5c indicates that a hypothetical crop price-demand curve 
for fertilizer has a relatively positive sloping trend similar to the 
trend of a hypothetical farm income-demand curve for fertilizer. 
A hypothetical cropland-demand curve for fertilizer indicating a 
slight negative sloping trend is shown in Figure 5f. This indicates 
that the demand for fertilizer changes inversely with the total acreage 
of cropland over time. 
Three possible types of the dynamic demand theory for a resource 
may be distinguished. 
Type I: a fixed demand curve with shifting supply curves through 
time. This type, represented by the diagram in Figure 6a, occurs when 
the demand curve remains constant while the supply curves moves progres­
sively to the right. This results in a negatively sloping price trend 
as shown in Figure 6b, while a positively sloping quantity trend for a 
resource is shown in Figure 6c. 
Type II: a fixed supply curve with shifting demand curves through 
time. This type assumes a fixed theoretical supply curve and demand 
curves which, remaining at constant elasticity, move steadily to the 
right. This can be graphically represented as in Figure 7a. From the 
hypothetical data given in Figure 7a, a price-time curve and a 
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quantity-time curve can be constructed based on the assumption of equal 
time intervals. These are presented graphically in Figures 7b and 7c, 
respectively. The line in Figure 7b shows a positively sloping price 
trend, -while the line in Figure 7c indicates a positively sloping 
quantity trend. 
Type Ills shifting demand curves and shifting supply curves 
through time. Figure 8a illustrates this type. When both demand and 
supply curves move, an endless variety of price-time curves and quantity-
time curves is possible. The resulting relationship -will depend upon 
(1) whether the shifts of the theoretical curves are correlated or 
uneo^related, (2) whether a shift of the demand curve to the right is 
accompanied by a shift of the supply curve to the right, and vice versa, 
or (3) whether a shift of the demand curve to the right is accompanied 
by a shift of the supply curve to the left, and vice versa. The fluc­
tuations in the resulting price-time curve and quantity-time curve may 
appear to lead to a demand curve or supply curve whose elasticity is 
V 
considerably different from that of the corresponding theoretical curve. 
The theoretical positively sloping price trend and negatively sloping 
quantity trend are shown in Figures 8b and 8c, respectively. The 
theoretical negatively sloping price trend and positively quantity trend 
are shown in Figures 8d and Be, and the theoretical constant sloping 
price and quantity trends are shown in Figures 8f and 8g, respectively. 
An example of the type I, fixed demand with shifting supply is the 
period 1850-1909 termed as an innovation period. However, this period 
in this study is not emphasized because farmers lacked a knowledge of 
fertilizer use. Likewise, the period 19UU-50 is an example of type II 
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of the dynamic theory of fertilizer demand and shows that productive 
capacity was short during the period and rationing of fertilizer existed. 
Hence, these periods of types I and II were excluded in this study. Only 
the analysis of the example of type III, (the period 1910-56 emitting the 
19141-50 period), shifting demand with shifting supply, herein considered 
as the normal period, is reasonably fulfilled in this study. 
C. The Aggregate Principle 
The aggregate principle is also relevant in this study because 
fertilizer is a fairly divisible resource. Hence, a national demand 
model for commercial fertilizer is the aggregation of all regional demand 
models for commercial fertilizer# In addition, the analysis is probably 
limited to the case of linear aggregation, i.e., the national variables 
are linear aggregates of the regional variables. In short, this principle 
is concerned with the transformation of linear regional relations into a 
linear national relation by means of linear aggregates# 
A national demand model may be expressed in the following equation: 
Y - f (X^ Xg, X3, Xu, Xg, X6) 
where Y is the national demand for fertilizer and X-j_ through X^ are 
national independent variables. They are the linear aggregates from the 
ten regional demand functions for fertilizer# This linear aggregation 
may be expressed in another way in equation 17: 
10 
(17) Y = Z y. (i = regions 1, 2, 10) 
i=l 
where the national demand function for commercial fertilizer Y is a linear 
aggregation of all the ten regional demand functions for commercial 
I  2 3 4 5 6 7 8 9  
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fertilizer y^. In addition, each regional. demand function for commercial 
fertilizer y^ is a function of its independent variables shown in 
equation V: 
where by is the regression coefficients for j-th variable in i-th region 
and Xy is independent variables 1, 2, 6 in i-th region. 
Likewise, the consumption of total plant nutrients, ïg, is the linear 
aggregation of estimates for N-P-K. This linear relationships may be 
espressed in equation 171: 
(7) 
(VI) (j = N, P205, and K20) 
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m. SOURCE OF DATA. AND METHODS OF ANALYSIS 
A. Source of Data 
Data for the fertilizer demand functions derived later are obtained 
from Agricultural Statistics (22) and other U.S.DJL» bulletins (23, 2k) 
for the calendar years 1910 through 19$6. For the purposes of estimating 
regional demand functions, the United States was divided into ten agri­
cultural regions» Uniformity of type-of-farming was the basis for 
delineating the regions. Crops used for price variables in each region 
were selected on the basis of the average acreage in the period 19Wi-$3* 
These crops include seven grains, seven special crops, four fruit crops, 
one kind of vegetable and all hay, as indicated in Table 1. The ten 
regions are shown in Figure 9 and states included in each region as 
follows: 
Region 1 - Northeast: Maine, N. Hampshire, Vermont, Massachusetts, 
Rhode Island, Connecticut, New York, New Jersey, Pennsylvania, Delaware, 
Maryland5 Region 2 - Corn Belt: Ohio, Indiana, Illinois, Iowa, Missouri; 
Region 3 - Lake States: Michigan, Wisconsin, Minnesota; Region U -
Appalachian: Virginia, W. Virginia, N. Carolina, Kentucky, Tennessee; 
Region $ - Southeast: S. Carolina, Georgia, Florida, Alabama; Region 6 -
Delta States: Mississippi, Arkansas, Louisiana; Region 7 - Southern 
Plains: Oklahoma, Texas; Region 8 - Northern Plains: N. Dakota, S. 
Dakota, Nebraska, Kansas; Region 9 - Mountain: Montana, Idaho, Wyoming, 
Colorado, N. Mexico, Arizona, Utah, Nevada; Region 10 - Pacific: 
Washington, Oregon, California. 
REGION REGION 3 
REGION REGION 8 
REGION 2 REGION 
REGION REGION 
0 50100200 300 400 500 MILES 
Fig. 9 Map of regions used for analysis 
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Table 1« Crops used for price variables in each region 
Region Crops 
1 - Northeast Hay, com, oats, wheat, apples 
2 - Corn Belt Corn, hay, oats, soybeans, wheat 
3 - Lake States Hay, corn, oats, wheat, barley 
k - Appalachian Corn, hay, wheat, cotton, soybeans, tobacco 
£ - Southeast Corn, cotton, peanuts, oats, tobacco 
6 - Delta States Corn, cotton, hay, soybeans, rice 
7 - Southern Plains Wheat, cotton, sorghum, corn, oats 
8 - Northern Plains Wheat, com, hay, oats, barley, flaxseed 
9 - Mountain Wheat, hay, barley, corn, potatoes, 
sugar beets 
10 - Pacific Wheat, hay, barley, oats, apples, peaches, 
oranges, pears 
B. Methods of Analysis 
Two methods are employed in this study: Firstly, the single 
equation-least squares method (1) which designates one dependent variable 
and assumes that the remaining factors are independent variables; 
secondly, the simultaneous equation method (18) which is used to allow 
a study of the complete system at one time and to observe the results of 
20 
simultaneous changes of two or more endogenous variables. Besides, the 
expectation model proposed by Nerlove (17) which also is employed as a 
final check on methodology and is presented in Chapter VI. 
1. Single equation-least squares method 
The main algebraic form of equation utilizing the least-squares 
approach in this study is the Cobb-Douglas type, which is of the form: 
bl b2 b3 bU b5 b6 
(VII) ï-a^ X2 X3 Xh X? X6 
It appears in logarithmic form as: 
log Y = log a + b^log + bglog Xg + + b^log X^ 
The first difference equation (VIII) used when emphasis is on 
measuring year-to-year changes, is of the form: 
(VIII) (logtY - logt„]_Y) = log a + b1(logtX1 - log^^X^) 
+ bgdog^Xg - log^gXg) 
+ b^dog^X^ - logt_2%) 
+ Vlogtx£ - logt-ix5) 
+ b^dog^g - logi>1X6) 
and converted to a forecasting form becomes: 
log^f = logt-1Y + log a + b1(logtX - log^X^) 
+ bgtlog^Xg - log^.gXg) + ..... + 
Other algebraic forms used for least squares analysis include linear 
equations and the modified quadratic form with a squared variable of time: 
(IX) Y = a + b1X1 + bgXg + bjX^ + b^ + b^ + b^ 
21 
The variables included in these equations are as follows: 
Dependent variables for equations to be indicated by regions or for 
the U. S.: 
= total tons of commercial fertilizer consumed in the United 
States and in each of the regions, by years. 
Tg = the tonnages of total plant nutrients consumed in the United 
States and in each of the regions, by years. 
Yg = total tons of nitrogen consumed in the United States, by years» 
Y^ = total tons of phosphoric acid consumed in the United States, 
by years» 
Y^ = total tons of potash consumed in the United States, by years» 
Independent variables for equations to be indicated by regions or 
for the U. S.: 
= the current fertilizer price index deflated by the general 
wholesale price index for the current year. The five-year average from 
I9IO-H4. was used as the base period. 
Xg = the average crop price index deflated by the general wholesale 
price index. (For regions, the weighted"*" crop price index is deflated by 
the general wholesale price index for each of the regions.) This 
variable was lagged one year. 
•'•The weights were compiled from the most important crops in each 
region selected from the average 19U3-53 acreage and are indicated as 
follows - Region 1: Hay - U9.8%, corn - 1$.$$, vegetables and fruit -
12.9#, oats - 9,6%, wheat - 9.3#, and potatoes - 2,9%. Region 2: Corn -
100%. Region 3: Hay - 31.9%, com - 29.1%, oats - 27.8%, wheat - 7.1%, 
and barley - lt»l%. Region U: Com - 38.8%, tobacco - 26.2%, hay - 13.5%, 
(Continued on next page) 
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Xj = the cash receipts from farming, which contains crops, livestock 
and its products, and government payments, lagged one year» 
X^ = the cash receipts from crops and government payments, lagged 
one year. 
Xg = the total acreage of cropland. 
% = time. 
2 
X6 = the time squared. 
X7 = an income fraction, indicating trends in income in the previous 
four years» This variable (X^ = a I) is measured as followsi 
A I = t-1 + / 1 — It-3 \ +( 1 - ^ t-li \ 
It-2 V ^t~2 / \ It-3 I 
where is defined as income in the (t-i)th year. 
The demand functions were fitted for two different time periods. 
In the first time period, 1926-56 (omitting 19Mi-50),^" fertilizer consump­
tion was measured both as total tons of commercial fertilizer and total 
tons of all plant nutrients, the U. S. and the individual regional 
equations. In addition, demand functions for nitrogen (N), phosphoric 
(Continued from previous page) 
wheat - 8.2%, cotton - 6.9%, and soybeans - 6.3$. Region 5* Corn -
32.6%, vegetables and fruit - 20.0%, cotton - 19.1$, peanuts - 13.5/6, 
and oats 12.9%. Region 6: Corn - 36.9%, cotton - 26.1$, hay - 18.7%, 
soybeans - 10.1$, and rice - 7.6%. Region 7: Wheat - 35.9%, cotton -
29.1%, sorghum - lit.li%, corn - 12.7%, and oats - 7.9%. Region 8: Wheat -
Uo.8%, corn - 2.0.1%, hay - 17.6%, oats - 12.1%, barley - 6.U%, flaxseed -
2*9%, and potatoes - 0.3%. Region 9: Wheat - U8.5%, hay - 33.2%, barley 
- 10.5%» corn - 5*3%, sugar beet - 1.6%, and potatoes - 1.0%. Region 10: 
The U. S. vegetable and fruit price index. 
^The period 19UU to 1950 is excluded because fertilizer production 
capacity was short during the period and rationing of fertilizer generally 
existed. (This was less important in the early war period when fewer 
farmers used fertilizer.) 
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acid (PgOjj), and potash (KgO) were estimated for the U. S. Thus there 
were two estimates of demand functions for fertilizer for the period 
1926-56; firstly, from the U, S. equation and secondly, from the 
summation of estimates for the ten regions. There was a difference of 
one variable between some of the equations due to the varying agricultural 
situations between regions. Equation included five variables for the 
U. S. and regions 1,"*" 2, U, 8, 9 and 10 is indicated as follows : 
bo be bg 
= aX^ X^ Xg (i = U. S. and regions 1, 2 
or and 8) 
bn bv be bA 
Yi = aXi % ^6 (i = regions U, 9 and 10) 
Equation included six variables (utilizing one more independent variable, 
2 3 
Xg ) for regions 3, 5, 6 and 7 is shown as follows: 
bi bp b] bti bA 
Yi = âX1J-X2 X3JX5:']!^ (i =* regions 3 and 7) 
or 
^i 0 a^ i ^2 ^  ^ ^5 ^"6 ^ (i " regions 0 and 6) 
In the second time period, 1910-56 (omitting 19UU-50),^ fertilizer 
consumption for the U. S. was estimated by the following equation: 
"^Regions 1 and 5 covered the whole period 1926-56. 
^The reason for considering the five variable equations is to supply 
more information on the response of fertilizer consumption to crop prices 
for fanners operating in a dynamic situation. 
^Region 5 covered the whole period 1926-56. 
^The period 19UU to 1950 is excluded because fertilizer production 
capacity was short during the period and rationing of fertilizer generally 
existed. (This was less important in the early war period when fewer 
farmers used fertilizer.) 
2k 
ï - ax 1^ x/2 X5'e X6i& 
The variable used to represent income in farming was selected 
according to the importance of cash receipts from livestock enterprises# 
Since livestock have an important role in regions 1, 2, 3# 7 and 8, the 
variable for these regions represents cash receipts from all 
farming. The variable ^-l^ represents cash receipts frem crops plus 
government payments in the remaining five regions where livestock is 
not dominant in income • 
Three additional equations for total tons of commercial fertilizer 
were used; namely, a first-difference equation, a linear equation and a 
modified quadratic equation. These equations were considered for the 
U, S. in the second time period, 1910-56, and were fitted to the regions 
in the first time period, 1926-56, 
2c Simultaneous equation method 
The functions discussed above were fitted by least-squares methods. 
In addition to these single equation estimates, a simultaneous equation 
model also is employed. The two-equation model in the over-identified 
case (D**> HA - 1)^" is designed to simultaneously measure the demand and 
supply relations for nitrogen, and is estimated by the limited information 
approach (13) to the maximum likelihood method in the following 
For example, in equation X, HA «= 2 (the endogenous variables Y]_ 
and Yg are in the equation under consideration) and D** « 3 (the variables 
Z6, Zy,and Zg are the exogenous variables in the system, but not in the 
equation under consideration). Therefore, D**> HA - 1, 
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logarithmic form: 
(X) B-jjlog Y-j_ + B^gl^ Yg + C-^2 1% Zx + C^g log Zg 
+ ^13 log z3 + log \ + Cj^ log Zg = log 
(XI) Bg^log Y^ + Bgglog Yg + Cgg log Zg + Cg^ log Z^ 
+ Cg6 log Z6 + Cg7 log Zy + Cgg log Zg - log Ug 
In the above equations, Yt, Z^ and U^. are the vectors of jointly dependent 
variables, of predetermined or exogenous variables, and of disturbances, 
respectively. B is the H (total number of endogenous variables in the 
system) by H nonsingular matrix of the coefficients of the jointly depend­
ent variables. C is the D (total number of exogenous variables in the 
system) by D coefficient matrix of the predetermined or exogenous 
variables» 
The jointly dependent variables for the United States model are 
defined as follows: 
Y-j_: The current fertilizer price index deflated by the U. S. 
general wholesale price index for the current year 
(1910-lU = 100). 
Yg: The total tonnages of nitrogen consumed for the current year. 
The predetermined and exogenous variables are defined as follows: 
Z^: The first differences of the total tons of nitrogen consumed 
between years t-I and t-2. 
Zg: The acreage of cropland, 
Zy. Time, -where time takes the values from 1 to No 
Z^i The average crop price index deflated by the U. S. general 
wholesale price index (1910—lit = 100), lagged one year. 
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Total cash receipts from farming, lagged one year. 
The fertilizer production cost index consisting of wage expenses 
30 percent; material costs 30 percent; transportation expenses 
20 percent; and construction and building costs 20 percent 
deflated by the U. S. general wholesale price index. This 
variable is lagged one year. 
The productive capacity of nitrogen, lagged one year. 
The fertilizer price index deflated by the U. S. general whole­
sale price index, lagged one year. 
(i = 1, 2): Random residuals. 
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17. AM EVALUATION AND INTERPRETATION OF THE EMPIRICAL 
RESULTS FOR THE NATIONAL DEMAND FUNCTIONS1 
OF FERTILIZER 
This section provides and evaluates the empirical results obtained 
for the national demand functions by least squares methods» The results 
of the analysis of the national, demand functions for commercial ferti­
lizer, total plant nutrients, nitrogen, phosphoric acid, and potash, 
2 
1926-56 (omitting 19W&-50), by a five-variable equation in Cobb-
Douglas form are presented. Following this, the analysis of the national 
demand functions for commercial fertilizer alone, 1910-56, by a six-
variable equation in Cobb-Douglas form and three alternative algebraic 
forms are presented. 
A. The Five and Six-Variable Cobb-Douglas Equations 
The results of the five-variable demand function for the time period 
1926-56 and the six-variable demand function for the time period 1910-56 
are indicated in regression equations (1) and (2), respectively. Both 
equations omit the period 19l4t-50.^ Standard errors of the regression 
coefficients are given in parentheses below the coefficients. 
National demand function is an aggregative function derived directly 
from the United States demand model. This national demand function is 
distinguished with the aggregate United States demand function which is 
derived from the summation of estimates for the ten regions as in the 
previous equation (IV) i Y » | y± (i « regions 1,2, 10). 
^The period 19hk~S0 is excluded because fertilizer production 
capacity was short during the period and rationing of fertilizer generally 
existed. 
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(1) log Y-, = 10.677 - O.ltfO* log ÏJ + 0.637** log X, 
(0.201) (0.05U) 
- 1.082f log X5 + 0.076** log Xz 
(0.615) (0.022) 
R2 = 0.985 
S » 0.028 
(2) log Y, = 28.338 - 1.712** log X1 * Q.h7^ log X. 
(0.366) * (0.390) 2 
+ 0,089 log X,, - 2.357* log X. + 0.17b* log X, 
(0.108) 4 (1.149) (0.086) ° 
R2 = 0.81Ui 
S = 0.081 
** One percent level of significance. 
* Five percent level of significance. 
t Interval 32-6 percent level of significance. 
The mean regression coefficient (elasticity) for fertilizer price 
(Xj) was -0.1:9 in equation (1) and -1.71 in equation (2). These coeffi­
cients indicate that by decreasing the fertilizer price by one percent, 
ceteris paribus, the quantity of fertilizer demanded is predicted to 
increase about 1/2 of one percent and 1.71 percent, using equation (1) 
and (2), respectively. A change in fertilizer price in the second time 
period, 1910-56, might influence the demand for fertilizer much more than, 
in the first time period 1926-56. The mean regression coefficient 
(elasticity) for cash receipts from farming (%_]Xg) was 0«6k in equation 
(1). This coefficient means that if cash receipts from farming increase 
by one percent, then the demand for fertilizer is predicted to increase 
about 2/3 of one percent. However, the mean regression coefficient for 
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cash receipts from crops plus government payments (%_]%{;) was not signif­
icant in equation (2), though it is apparently affected by crop prices 
in the previous year The elasticity for fertilizer with respect 
to crop prices was 0.U7; indicating that if the crop price were increased 
by one percent, demand for fertilizer is predicted to increase also about 
1/2 of one percent* 
The sign of the mean regression coefficient (elasticity) for the 
acreage of cropland (^Xg) was negative in both equations (1) and (2)0 
This coefficient indicates that a decrease in the acreage of cropland 
of one percent is predicted to increase commercial fertilizer demanded 
by about 1.08 and 2.36 percent in the corresponding equations (1) and 
(2). In other words, for the United States, a substitution effect 
between the acreage of cropland and the quantity of fertilizer demanded 
exists. Also, the mean regression coefficient (elasticity) for time 
(X^) in equation (1) was significant at the one percent level and in 
equation (2) at the five percent level. This elasticity indicates that 
there has been a significantly upward shift of the demand function for 
fertilizer during the period analyzed. It seems probable that this up­
ward trend of fertilizer use will continue over the next few years. 
The adjusted coefficients of multiple determination (H^) were 
0.98 in equation (1) and 0.8U in equation (2). These coefficients show 
that 98 and 81*. percent of the variance in the dependent variables were 
associated with their corresponding independent variables, respectively. 
The remaining 2 and 16 percent of the variations of the dependent vari­
able for the corresponding five and six-variable equations may have been 
due to other factors which are assumed to be normally distributed or 
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not included. 
Figures 10 and 11 show the actual and predicted fertilizer con­
sumption using equations (l) and (2), respectively. These figures show 
that the actual and predicted quantity-time curves for fertilizer are 
quite consistent and markedly close. Also, the upward trends in use of 
commercial fertilizer have been existed in Figures 10 and 11 during the 
period analyzed except in the depression periods 1930-32. 
The mean regression coefficients of the other four equations, (3) 
to (6), (with five variables) have the same sign as the demand function 
for commercial fertilizer in equation (1), These equations consist of. 
the demand functions for total plant nutrients (3), nitrogen (Ij.), 
phosphoric acid (5), and potash (6), as illustrated in Table 2. Again, 
total plant nutrients are the aggregation of nitrogen, phosphoric acid, 
and potash. Hence, each of the regression coefficients (elasticities) 
in equation (3) almost was a mean of the regression coefficients for 
N-P-E in equations U, 5* and 6. 
In Table 2, the mean regression coefficient (elasticity) for ferti­
lizer prices (^X^) was significant at the one percent level in equation 
(5) and were significant at the interval 32-6 percent level in both 
equations (U) and (6). These coefficients indicate that the demand for 
phosphoric acid was much more responsive to fertilizer prices than the 
demand for nitrogen and potash® Likewise, the msan regression coeffi­
cient for total acreage of cropland was -2.37 and was significant at 
the five percent level in equation (£) and were -1.69 and -1.29 at the 
interval 32-6 percent level of significance in equations (U) and (6), 
respectively. These elasticities indicate that a strong substitution 
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Table 2. Regression coefficients (b*), standard errors of regression (^i), adjusted coefficients 
of multiple determination (r2) and standard errors of estimate (§) in the five-variable 
Cobb-Douglas equations for total plant nutrients, nitrogen, phosphoric acid, and potash 
in the United States, 1926-56 (Omitting 19Wi-50) 
Equation (3) Equation M Equation (5) Equation (6) 
Total plant 
nutrients 
Nitrogen 
(N) 
Phosphoric acid 
(P2O5) 
Potash 
(KgO) 
"bi bi •bi bi •bi bi 
log X1 -0.U21+ 0.281 -0.W9f 0.512 -0.1&8** 0.095 -O.UOS* 0.395 
log X3 0.765** 0.075 0.80%** 0.138 0.579^ 0.353 0.881** 0.106 
log X£ -1.868* 0.858 -1.691* 1.56U -2.368* 1.078 -I.29V 1.206 
log X& 0.153** 0.0 30 0.207** 0.055 0.079t 0.038 0.217** 0.0U2 
-2 
R 0.980 0.9li8 0.9U9 0.972 
3 0.039 0.071 0.0U9 0.05U 
log a 15.199 12.699 21.1U5 8.U36 
** One percent level of significance for regression coefficients by "t" teste 
* Five percent level of significance for regression coefficients by "t" test, 
t Interval .32-6 percent level of significance for regression coefficients by "t" test. 
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effect exists between the acreage of cropland and the quantity of phos­
phoric acid demanded, while relatively low substitution effects exist 
between the acreage of cropland and the quantity of nitrogen and potash 
demanded. 
In contrast, the mean regression coefficients (elasticities) for 
cash receipts from farming in both equations (U) and (6) were significant 
at the one percent level and in equation (5) at the interval 32-6 percent 
level. These coefficients indicate that the demand for nitrogen and 
potash were much more responsive to cash receipts from farming than the 
demand for phosphoric acid. In other words, if the cash receipts from 
farming increase by one percent, then the demand for nitrogen and potash 
is predicted to increase by V5 and 7/8 of one percent respectively, and 
the demand for phosphoric acid only to increase by 2/3 of one percent* 
Likewise, the mean regression coefficients for time (X^) in both equations 
(U) and (6) were significant at the one percent level and in equation (5) 
at the interval 32-6 percent level* These coefficients indicate that 
there has been a significant shift of the demand functions for nitrogen 
and potash to the right, while there is a slow upward shift of the demand 
function for phosphoric acid during the period analyzed. In other words, 
the technological change in the expanded use of nitrogen and potash was 
relatively faster than the technological change in the expanded use of 
phosphoric acid. There is fairly accurate that the quantity of nitrogen 
purchased in 1956 was almost seven times that of 1926, while the quantity 
of phosphoric acid purchased was approximately only three times and potash 
was six times that of 1926. This fact can be varified in Appendix, Table 
12. In Table 12, the ratio of N-P-K in 1956, on the basis of the quantity 
3ba 
of nitrogen, was 1.0-l.lj-0.7, compared to 1.0-2.5-1*0 ratio in 1926. 
These ratios indicate that a relatively rapid adoption in use of more 
nitrogen and a significant decrease in the use of phosphoric acid have 
existed in the entire United States during the period analyzed. 
The actual and predicted quantity-time curves for total plant 
nutrients, nitrogen, phosphoric acid, and potash are shown in Figures 
12, lit, 15, and 16 using equations (3) to (6), respectively. These 
figures show that the actual and predicted quantity-time curves are 
markedly close except in the period 195U-56. Besides, the upward trends 
in use of total plant nutrients, nitrogen, phosphoric acid, and potash 
have been existed in those figures during the period analyzed except in 
the depression period 1930-32. 
In addition, Figure 13 shows the actual and predicted quantity-time 
curves for total plant nutrients for the time period, 1926-56 (omitting 
19kl|.-50), derived by the summation of estimates for N-P-K. Again, the 
upward trend of the actual and predicted curves is Figure 13 was quite 
consistent with the trend which was derived from the national demand 
model for total plant nutrients in Figure 12. 
B» Choice of Alternative Equations for Commercial 
Fertilizer for the Time Period 1910-56 
The results of the first difference equation, the linear equation 
and the modified quadratic equation for the time period 1910-56 are shown 
in equations (7), (8), and (9), respectively. The first difference 
equation emit the period 19UU—503- while other two equations covered the 
•^The period 19bk-%0 is excluded because fertilizer production 
capacity was short during the period and rationing of fertilizer generally 
existed. 
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whole period. The variables used in each of the alternative equations 
are the same as in equation (2) described above, except that the modified 
quadratic equation considered two more variables in equation (9); namely, 
2 
time squared (X^) and the income fraction (X^). Standard errors of the 
regression coefficients are given in parentheses below the coefficients. 
(7) logtY - logt-1Y = - 9.009 - 0.770** (log^ - log^ Xx) 
(0.1V7) 
* h. - 1o8*-2 x2> 
+ (S:o?8) (l08t-1 *>> • lo8*-2 v 
- (°:|23)f (1«#5 - ^ t-1 *5> 
+ (oawT (l08tXé " lost-i x6} 
R2 = 0.627 
3 » 0.03U 
(8) Y = 30,235,151 - U2,891f X, + 11,381 X9 + 0.000528#** X, 
(b2,bb5) (23,89b) (0.00010318) 
- 0.080Wi389** Xh + 288,67b** XA 
(0.02609013) 5 (13,996) 
R2 = 0.903 
S = 1,801,093 
(9) Y = - U,637,027 - 75,777** X, + 38,065* X« + 0.00001521 X,, 
(26,i»13) (15,10.2) c (0.0000918k) 4 
* ## Q J. 
+ O.OU99kU27v XH - 539,967 Xz + 17,09b Xz + I,b73,b50 X7 
(0.02bb227b) 5 (121,809 (2,516) (1,255,019) 7 
R2 = 0.967 
3 « 1,061 
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** One percent level of significance# 
* Five percent level of significance# 
t Interval 32-6 percent level of significance. 
After rearranging equation (7), equation (10) appears as follows: 
(10) logtT = logt-1Y - 0.009 - 0.770 log^ + 0.770 logt-3_X1 
+ 0.2l*ô log^ Xg - 0.21(6 log^ gXg + 0.138 log^ -jX^  
- 0.862 logtX^ + 0.862 logt-1X^ + 0.1*91 logtX6 
- 0.U91 logt„1X6 - 0.138 logt_2Xji 
With this rearrangement, the elasticities can be read off directly# 
Thus if fertilizer price decreases by one percent, ceteris paribus, 
fertilizer consumption is predicted to rise by V5 of one percent in the 
current year, and if fertilizer price increases by one percent, then 
fertilizer consumption is predicted to increase by V5 of one percent in 
the last year. These indicate that farmers would buy more fertilizer in 
the current year if they based their price expectations on both prices 
of the current and previous years. Likewise, the elasticities for ferti­
lizer with respect to crop prices, cash receipts from crops plus govern­
ment payments, the acreage of cropland and time were indicated in the 
logic with the two different years considered. 
Elasticities from the linear equation (8) and modified quadratic 
equation (9) are defined as follows: 
Ed « SY/Y = _3Y_ # \ 
aXj/Xi aXj. Y 
Table 3 presents all the elasticities of demand for each of the corres­
ponding independent variables. An example of the computation of a price 
elasticity is given below, utilizing equation (8) which was examined in 
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the previous section. 
(8) Y = 30,235,151 - 1*2,891 + 11,381 X2 + 0.00052856 X^ 
- 9.080Wi389 X5 + 288,67b X& 
(11) _|Y B _ 1^2,891 
(12) % = _3Y_ . fl = - U2,891 . 83.5 = - 0.319991 
X^1 1 10,220,545 
In equation (12), E^ == -0.35 indicates that, at the mean, if the ferti­
lizer price decreases by one percent, then the demand for commercial 
fertilizer is predicted to increase by l/3 of one percent. Likewise, 
all elasticities for the modified quadratic equation tend in the same 
sign as the elasticities of the linear equation, except that the elas­
ticity of fertilizer with respect to the acreage of cropland was positive 
(0.0017). This elasticity indicates that by increasing the acreage by 
one percent, the demand for fertilizer is predicted to increase by 
2/1,000 of one percent. Besides, the income-fraction elasticity for 
fertilizer (E^) was -0.007, which indicates that if the farm income in 
the previous four years has decreased by one percent, the demand for 
fertilizer is predicted to increase by 7/1,000 of one percent. Although 
this figure is small, it emphasizes that the demand for fertilizer is 
somewhat negatively influenced by the weighted farm incomes in the 
previous four years, while farm incomes one year previous has a positive 
effect. In addition, these elasticities indicate that farmers would buy 
more fertilizer in the current year if they based their farm incomes on 
both farm incomes of the last year and on weighted incomes of the previous 
four years. This evidence is quite consistent with two income 
ko 
elasticities of fertilizer (Et-1X^ and in equation (7), which 
were derived by using the first difference technique* 
Figures 17, 18, and 19 show the actual commercial fertilizer con­
sumption as compared with the predicted fertilizer consumption in the 
corresponding equations (7), (8), and (9)» These figures indicate that 
the actual and predicted quantity-time curves for commercial fertilizer 
in the time period 1910-56 are markedly close. In addition, the predicted 
quantity-time curve for commercial fertilizer in Figure 17 is much more 
consistent with the actual curve than in Figures 18 and 19, respectively. 
This would be expected from the smaller standard error of Y obtained by 
using the first difference equation. The upward trend in the use of 
commercial fertilizer in those alternative equations (7), (8), and (9) 
follows the same form as the trend which was derived by the Cobb-Douglas 
equation (2). 
Table 3* Elasticities for the linear equation and modified quadratic 
equation 
Elasticity 
Linear 
equation 
Modified 
quadratic 
equation 
Price elasticity of fertilizer (%) - 0.3U9 - 0.592 
Elasticity of fertilizer with respect 
to crop prices (%2> 0.111 0.353 
Income elasticity of fertilizer <v 0.763 0.022 
Elasticity of fertilizer with respect 
to the acreage of cropland (%j) - 0.279 0.002 
Elasticity of fertilizer with respect 
to time (V 0.661 0.7U5 
Income-fraction elasticity of 
fertilizer 
— - 0.007 
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V. AN EVALUATION AND INTERPRETATION OF THE EMPIRICAL 
RESULTS FOR THE TEN REGIONAL DEMAND 
FUNCTIONS OF FERTILIZER 
Having analyzed national fertilizer-demand functions in the previous 
chapter, the empirical results of the regional fertilizer-demand functions 
are evaluated in this section. The results of the regional demand func­
tions for commercial fertilizer and total plant nutrients, 1926-56, by 
five and six-variable least squares equations in Cobb-Douglas form are 
presented first. Following that, the results for commercial fertilizer, 
1926-56, by fitting the first differences in logarithmic form, a linear 
and a modified quadratic equations, are presented next. 
A. The Five and Six-Variable Cobb-Douglas Equations 
The regional results of the five and six-variable equations for the 
time period 1926-56 are indicated in Table i|. The regional variables 
in both equations are the same in equations (l) and (2). 
In brief, the regional price elasticities for fertilizer, on the 
average, varied between -3.8k and -0.U2. In general, the coefficients 
indicate that the demand for fertilizer was affected strongly by the price 
of fertilizer in those regions in which fertilizer consumption has 
expanded rapidly such as the Great Plains (7 and 8), Mountain (9) and 
Pacific regions (10). On the other hand, the demand for fertilizer was 
little affected by the fertilizer price in the older developed areas such 
as the Northeast, Appalachian and Delta regions except the Com Belt. 
Elasticities for fertilizer with respect to crop prices were the 
greatest in the Southeast region (0.52), followed by the Southern Plains 
Table 4« Regression coefficients (bi). standard errors of regression coefficients (sbi)# adjusted coefficients 
of multiple determination (R ), and standard errors of estimate (?) in the five and six-variable 
Cobb-Douglas functions for commercial fertilizer in the ten regions* 1926—1956 ( emitting 1944—1950)» 
log log Xg log Xg log X4 log Xg log Xg 
2 
Region log a b^ 2 
^2 
b3 
"*3 4 % 5 
1 
If) % R 3 
la 5*145 —0*425** 0*123 b b 0.342** 0*043 b b -0.180 0,218 0.040")" 0*022 0*965 0.023 
2 6.935 -1.392** 0.402 b b 1.075** 0*350 b b -1.073")" 0*960 0*037 0*049 0*978 0.060 
3 7*095 -0.984* 0.367 0.001 0.155 1*069** 0.109 b b -1.285^ 1*249 0*248** 0*047 0*978 0,059 
4 -4.205 -0*563^ 0.303 b b b b 0*463** 0.094 1*015 0*450 0o072")" 0,039 0.929 0.043 
5a 3*746 -0*712** 0*176 0*519**0*090 b b 0*237** 0*057 0.133 0*155 0.002 0*025 0*944 0*033 
6 -6*503 -0.893^ 0.752 0.176 0*382 b b 0*875** 0*240 0*827^ 0*517 0.070 0*089 0*867 0,104 
7 -4*301 -1*245^ 0*939 0*360") 1" 0*269 1.265** 0*200 b b 0.080 1*249 0*080 0*102 0.946 0*102 
8 2*033 -3.839** 0*761 b b 1.222** 0*238 b b -0*232 0,577 0*427** 0.091 0*976 0.114 
9 -2.891 -1.266^ 0,917 b b b b 0.718** 0*241 0*354 0*763 1*074** 0.104 0.966 0*331 
10 -3.530 -1*057* 0*481 b b b b 0.757** 0*133 0.563 0.700 0*378** 0*056 0*979 0*066 
^Regions 1 and 5 covered the whole period 1926 to 1956» 
^Variable not included in this equation. 
**0ne percent level of significance for regression coefficients by "t" test* 
*Five percent level of significance for regression coefficients by "t* test* 
"^Interval 32-6 percent level of significance for regression coefficients by "t" test* 
h$ 
(0,36), Appalachian region (0.18) and Lake States (0.002). The demand 
for fertilizer was significantly responsive to the price of cotton, 
tobacco, fruit and truck crops, but not to the price of small grain crops 
in the mixed farming areas. 
The mean regression coefficients (elasticities) for either cash 
receipts of farming (-t—ix3) or cash receipts from crops plus government 
payments ( five and six-variable equations were signif­
icant at the one percent level in all selected regions. The range of 
income elasticity of fertilizer was approximately between 1.27 and 0.3U 
for and 0.88 and 0.2U for These coefficients indicate that 
the demand for fertilizer was responsive to cash receipts from farming 
much more than to cash receipts from crop plus government payments. In 
other words, the demand for fertilizer was much more responsive in the 
Great Plains than the Appalachian and Southeast regions. 
The signs of the elasticity for fertilizer with respect to the 
acreage of cropland were negative in regions 1, 2, 3, and 8, and positive 
in the remaining regions. This suggests that with a decrease in the 
acreage of cropland by one percent, the demand for fertilizer is predicted 
to rise in the Corn Belt (2), wheat and small grain farming areas (3), 
daiiy farming areas (1) and feed grain and livestock farming areas (8). 
However, an opposite effect appears in which an increase of the acreage 
of cropland by one percent increases the demand of fertilizer in the 
cotton and tobacco type-of-farming areas (It, 5, and 6), the fruit, truck 
crops and mixing farming areas (10) and the special crops farming 
areas (7). 
The elasticity of fertilizer use with respect to time was the 
U6 
highest (1.07) in region 9» followed by 0.1t3 in region 8, O.38 in region 
10 and the lowest, 0.003» in region $• Expanded use of commercial ferti­
lizer increased markedly in the Mountain region, Northern Plains and 
Pacific regions during the period 1926-56 when technical knowledge in 
fertilizer use was improving and prices and incomes were favorable. Also, 
there has been a significant shift of the demand function for fertilizer 
in the Northeast region, Corn Belt and Lake States during the period 
analyzed, due to the acreage allotment and soil bank programs. The 
relatively small elasticities for fertilizer with respect to time for 
the Delta States and Appalachian region (in Table It) indicate that there 
has been only a slow shift to the right in the demand for fertilizer in 
these regions. In addition, droughts occurred often in the Southeast (#), 
Delta States (6), and Appalachian (U) regions. These droughts considered 
as another reason why the demand for commercial fertilizer has been a 
slow shift to the right in these regions. 
Figures 20 to 29 show the actual and predicted quantity-time curves 
for the corresponding ten regions by using a Cobb-Douglas equation. Also, 
these figures show that the actual and predicted quantity-time curves are 
significantly close» In addition, the upward trends in use of commercial 
fertilizer were existed in these figures except in the depression period 
1930-32. 
Figure 30 shows the aggregative predicted quantity-time curve for 
commercial fertilizer, derived by the summation of all the estimates from 
the ten regions (y\). The predicted curve in Figure 30 was quite con­
sistent with the same curve in Figure 10 which was derived directly from 
a national demand function for commercial fertilizer in the previous 
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equation (1). Besides, in Figure 30, the predicted curve was signif­
icantly closer to the actual curve and the direction of this predicted 
curve was almost the same as the actual curve except in those years 
1930, 1951, and 1953. 
In Table 5, the results of the five and six-variable regional 
equations for total plant nutrients in the period 1926-56 were derived 
by fitting Cobb-Douglas equations and by using the least squares method. 
The mean regression coefficients (elasticities) for total plant 
nutrients indicate somewhat the same results as for commercial fertilizer 
demanded among the ten regions. For instance, the mean regression 
coefficients (elasticities) for fertilizer prices varied between -It.22 
and -0.51. If comparing those price elasticities of fertilizer from 
Tables U and 5» the fact is fairly obvious that the regional demand for 
total plant nutrients was affected strongly by the price of fertilizer 
more than the regional demand for commercial fertilizer. 
The mean regression coefficients (elasticities) for either cash 
receipts of farming or cash receipts from crops plus government payments 
in both the five and six-variable equations were significant at the one 
percent level in all regions except the Mountain (9). The range of 
income elasticity of fertilizer was approximately between 1.U6 and 0.5l 
for cash receipts from farming, and 1.10 and 0.29 for cash receipts from 
crops plus government payments. These coefficients indicate that the 
demand for total plant nutrients was responsive to cash receipts from 
farming much more than to cash receipts from crops plus government pay­
ments. In other words, the demand for total plant nutrients was much 
more responsive in the Great Plains than the Appalachian and Southeast 
Table 5» Regression coefficients (bj.), standard errors of regression coefficients (8bi), adjusted coefficients 
of multiple determination (FT^), and standard errors of estimate (?) in the five and six variable 
Cobb-Douglas functions for total plant nutrients in the ten regions, 1926—1956 (omitting 1944—1950) 
log log X2 log X3 log X4 log Xg log H 
—2 
Region log a 
8bl *2 »b2 
b3 °b3 b4 9b4 
b5 Sb5 
b6 % R S 
la 4.705 -0.465** 0.162 b b 0.507** 0*057 b b -0.419+ 0.286 0.085** 0.029 0.971 0.031 
2 3*683 -1.722** 0.582 b b 1.150** 0*217 b b -0.767 1.389 0.105+ 0.071 0*965 0.087 
3 12.732 -1.493** 0.475 b b 1.329** 0*142 b b —2*310+ 1.575 0*314** 0.059 0*978 0.077 
4 -5.385 —0.707* 0.334 b b b b 0.517** 0*104 1*043* 0*496 0.143** 0.043 0*946 0.047 
5a 2.554 -0.861** 0.288 0 .182+ 0.148 b b 0.285** 0.094 0*260+ 0.253 0.057 0.040 0*882 0.055 
6 -6.254 -0.512 0.669 0 .163 0*339 b b 1.103** 0.213 0*582+ 0*460 0.230** 0*079 0*929 0.092 
7 -6.857 -1*523+ 1.047 0 .259+ 0.300 1*360** 0.223 b b 0.441 1*392 0.124+ 0.113 0*946 0.114 
8 0.395 -4.218** 0.932 b b 
1  $# 
1*464 0.291 b b -0.311 0*706 0*548** 0.111 0*974 0.139 
9 0.148 -1.776+ 1.492 b b b b 0.383+ 0.393 0.339 1.241 1.524** 0.169 0.866 0.213 
10 —4.269 -1.089** 0.342 to to b b 0.674** 0.094 0.671+ 0.497 0.411** 0.039 0.989 0.046 
athe regions 1 and 5 covered the whole period 1926 to 1956» 
^Variable not included in this equation* 
••One percent level of significance for regression coefficients by "t" test* 
*Five percent level of significance for regression coefficients by "t" test* 
"^Interval 32-6 percent level of significance for regression coefficients by *tM test* 
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regions. If comparing those coefficients from Tables U and 5, the 
evidence is obvious that the response of farm incomes to the regional 
demand for total plant nutrients was much greater than the regional 
demand for commercial fertilizer. 
In Table 5» the mean regression coefficients (elasticities) for 
total acreage of cropland are similar in magnitude and sign to those 
results for the regional demand for commercial fertilizer in Table li. 
The mean regression coefficients (elasticities) for time were 
significant at the one percent level in regions 1, 3> b, 6, and 8 through 
10, and at the interval 32-6 percent level in regions 2, 5» and 7. These 
coefficients indicate that expanded use of total plant nutrients increased 
markedly in the Mountain, Northern Plains, and Pacific regions during the 
period 1926-56, when technical knowledge in fertilizer use was improving 
and prices and incomes were favorable. Also, there has been a signif­
icant shift of the demand function for total plant nutrients in the Delta 
States, Lake States, and Appalachian region during the period analyzed, 
due to the Acreage Allotment and Soil Bank Programs. The relatively 
small elasticities for total plant nutrients with respect to time for the 
Southeast and Northeast regions indicate that there has been only a slow 
shift to the right in the demand for total plant nutrients in these 
regions. Knowledge of fertilizer response and the use of fertilizer were 
long developed in these regions, as compared to the Corn Belt and Great 
Plains. These facts could be verified in Appendix, Tables 13 to 22. 
These tables show a relatively rapid adoption in use of more nitrogen 
and a significant decrease in the use of phosphoric acid have existed 
in all regions during the analyzed period 1926-56, except region 3 
56 
(Lake States). This evidence is especially true, for the Northern Plains 
and Mountain regions where the ratio of N-P-K in 1955» on the basis of 
the quantity of nitrogen, was 1.00-0.96-0.07 and 1.00-0.80-0.30 respec­
tively, compared to 1.00-2.1(0-1.00 ratio for both regions 8 and 9 in 
1926. Again, the consumption of nitrogen increased by more than 353 
times in the Northern Plains region and 500 times in the Mountain region 
frcm 1926 to 1955# 
Trends in the use of total plant nutrients in the ten regions since 
1926 are shown in Figures 31 to 1*0. Consumption of total plant nutrients, 
relative to the 1926-29 average, has risen each year since 1926, except 
during the depression period 1931-33. In addition, these figures show 
that the actual and predicted quantity-time curves for total plant 
nutrients in each region are markedly close since 1926 except in those 
regions of Corn Belt (Figure 32), Great Plains (Figures 37 and 38), and 
Mountain (Figure 39). 
Figure 1(1 is the aggregative quantity-time curve for total plant 
nutrients for the period 1926-56, which was derived by the summation of 
all the estimates for the ten regions. The trend in this case seems to 
be quite consistent with the trends derived directly from a national 
demand model for total plant nutrients in Figure 12. Also, this trend 
in Figure Ul is consistent with the trend derived by the summation of all 
the estimates for N-P-K in Figure 13. 
B. Choice of Alternative Equations for Commercial 
Fertilizer for the Time Period 1926-56 
Considerable variation in fertilizer practices occurs among the ten 
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regions in the United States. This variation usually reflects differences 
in soils, type of farm, etc. Hence, a number of alternative functions 
with various loginal implications were considered for each region. Thus 
estimates were made using first differences, linear and modified quadratic 
equations. The variables in each of the alternative equations are the 
same as in the general Cobb-Douglas form for each of the ten regions. 
The results of the first difference equation for regions 1, 2, 3» 
5, 6, and 10 are shown in Table 6. Only commercial fertilizer was 
analyzed and just for the time period 1926-56. Also, the corresponding 
Figures h2 through U7 show a comparison of the actual commercial ferti­
lizer consumption with the predicted from the first difference equation. 
These figures show that the predicted quantity-time curves from the first 
differences were closer to the actual curve in those regions than the 
same predicted curves from the general Cobb-Douglas equation. It is 
especially true for region 1» This predicted curve would be expected 
from the smaller error of estimates obtained by using the first 
difference equation. 
In Table 6, the mean regression coefficients from this alternative 
equation, the first differences, were significant at about the same level 
as the general Cobb-Douglas equation. But, with more information about 
the change of crop prices, the first difference equation seems better 
for region 1. Although, the results for the remaining regions 2, 3, 5, 
6, and 10 derived by the first difference equation are quite reasonable 
and consistent with those from the general Cobb-Douglas equation. But 
these regions could be fitted by using some other alternative equations 
in order to correspond more to actual agricultural situations of each 
6k 
Table 6. Regression coefficients (b^)» standard errors of regression coefficients (sb^), adjusted coefficients of 
and standard errors of estimate (S) in the five and six-variable first-difference equations for commeroii 
1926—1956# (omitting 1944-1950) 
Region log a 
!ogtXi - logfl^l 
bl ^b. 
l°gt-lx2 ~ loêt-2X2 
b2 3b„ 
logt-iXs - logt-2%3 
b3 ®b0 
logt-1X4 - logt. 
la 0.000 -0.363+ 0.193 0.048 0.104 0.283** 0,080 b 
2 0.002 -1.141+ 0.610 b b 0.706** 0.186 b 
3 0.015 -0.556+ 0.572 0.213* 0.098 0.633** 0.164 b 
5 -0.000 -0.355 0.521 0.655** 0.172 b b 0.117+ 0. 
6 0.003 -0.691 1.103 0.582* 0.288 b b 0.597* 0. 
10 0.023 -0.842* 0.385 b b b b 
es 
0.326 0. 
^Region 1 covered the whole period 1926—1956. 
^Variable not included in this equation. 
**0ne percent level of significance for regression coefficients by "t" test. 
"Five percent level of significance for regression coefficients by "t" test. 
"^Interval 32-6 percent level of significance for regression coefficients by "t* test. 
mts ( ab^), adjusted coefficients of multiple determination (R2)» 
t—difference equations for commercial fertilizer in the six regions* 
[3 - logt-2%3 l0^ t-lX4 - l°gt-2*4 1°Stx5 ~ lo«t-l*5 1°ëtX6 - logt-lX6 
R2 S 
S 
b4 \ b5 b6 X 
0,080 b b 0.002 0.322 0.078+ 0.078 0.263 0.023 
0.186 b b -O.68O 0.738 0.063+ 0.201 0.401 0.058 
0.164 b b 0.464 0.836 0.119 0.182 0.489 0.053 
b 0.117+ 0.095 -0.324 0.411 0.655 0.173 0.448 0.049 
b 0.597* 0.267 -0.254 0.640 0.142 0.370 0.391 0.104 
b 
es 
0.326 0.105 -0.370+ 0.288 0.130 0.119 0.358 0.035 
at. 
3 st. 
by "t" test. 
65 
en 3 
z 
o 
h-
o 
o 
S'2 
o 
o 
A C T U A L  
P R E  D I C T E D  
< 
=) 
° °U|926 30 35 40 45 50 55 
Y E A R  
Fig. 1*2 Actual and predicted quantity-time curves 
for commercial fertilizer in region 1 (by 
first difference equation 
CO 
O ^  
O 
§3 
o 
z 
< 
3 
O 
f x  
A C T U A L  1 \ /\! x 
_  P R E D I C T E D  n 
/ 
- / 
1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  •  1 1 1 1  
1926 30 35 40 45 50 55 
Y E A R  
Fig. I4.3 Actual and predicted quantity-time curves 
for commercial fertilizer in region 2 (by 
first difference equation) 
66 
20 
(A 
Z 
O 
t-
o 
o 
o 
o 
-10 
> 
H 
H 
Z 
<L 
D 
on 
"  A C T U A L  
P R E D I C T E D  
z 
1  i  i  i  !  i  i  i  i  1  «  i  i  i  1  i  i  t  I  i  »  i  i  I  •  i  >  i .  1 1  
926 30 35 40 45 50 55 
Y E A R  
Fig. UU Actual and predicted quantity-time curves 
for commercial fertilizer in region 3 (by 
first difference equation) 
g3 
o 
t-
o4  
o 
o 
o 3 
o 
o 
> 
H 
»-
z 
< 
D 
O 0. 
-  A C T U A L  'x / 
— -  P R E D I C T E D  
. Li. 1 1 J. .1 1 LJ.I 1 J. 1 I I 1 1 1—I 1 I1 1 •  • i l l  
1926 30 35 40 45 50 55 
Y E A R  
Fig, Actual and predicted quantity-time curves 
for commercial fertilizer in region 5 (by 
first difference equation) 
67 
m 2 
z 
o 
o 
o 
o 
o 
o 
o I -
> 
K-
I— 
Z 
< 
3 
O 0 
A C T U A L  
P R E D I C T E D  
"7\ X / 
' V. /' TV/ \t 
/ \ 1 / 1 / 
\J 
/A. 
/  %  y /  
-i.i i i.i i i i i 1 i i i i 1 it i 1  i i t i 1 • I I 1 I 
1 9 2 6  3 0  3 5  4 0  4 5  5 0  5 5  
Y E A R  
Fig. h6 Actual and predicted quantity-time curves 
for commercial fertilizer in region 6 (by 
first difference equation) 
to 
z 
o 
t-
o 
o q 
o 
o 
o 
> 
t-
< 
3 
O 
0 
A C T U A L  
P R E D I C T E D  m If 
// 
/ 
-
/ 
—L_i_i j—L.« i j-.i. 1 i.i..i, i i  J .  i  i  i  i  I  .  i  i  1  i  
1 9 2 6  3 0  3 5  4 0  4 5  5 0  5 5  
Y E A R  
Fig. U7 Actual and predicted quantity-time curves 
for commercial fertilizer in region 10 (by 
first difference equation) 
68 
region. Hence, the linear equation and modified equation are considered 
in the following section. 
The results from the linear equation for regions 1, 3, U, 5, 6, and 
7 are illustrated in Table 7 and are shown graphically in Figures U8 to 
53 for commercial fertilizer in the period 1926-56. 
Figures k9> 51, and 52 show that predicted quantity-time curves 
frcan the linear equation were closer to the actual value in regions 3» 
5 and 6 than the same predicted curves from the general Cobb-Douglas 
equation. Likewise, in regions 3, 5 and 6, the adjusted coefficients of 
multiple determination (R2) were higher in the linear equation than those 
in the general equation. Consequently, the linear equation could be 
considered as an alternative equation for regions 3» 5, and 6. 
The results from the modified quadratic equation for region 7 are 
shown in the following equation (13) and are shown graphically in Figure 
5U for commercial fertilizer in the period 1926-56 (omitting 19l|it-50^)» 
(13) T » 1,016,763 - 5,1*61.82* Xx - U2.70 Xo + 0.00011675** X3 
(U>2li9.6U) (1250.66) (0.00005262) 
- 0.00581222 X* - 10,617.9k** X& + 1,512.03** x| 
(0.00819999) (13,873.10) (360.13) 
+ 51,212.00 X, 
(80,531.00 
H2 » 0.965 
S = 0.060 
** One percent level of significance. 
* Five percent level of significance. 
t Interval 32-6 percent level of significance. 
^The period 19hL-50 is excluded because fertilizer production capac­
ity was short during the period and rationing of fertilizer generally 
existed. 
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Table 7. Regression coefficients (bjj, standard errors of regression coefficients (^bi), adjusted coeff 
and standard errors of estimate (S) in the five and six-variable linear equations for oommeroi 
1926-1956, (emitting 1944-1950) 
*1 X2 *3 
Region a bl °bl b2 S 
b3 % 
la 934,761.78 - 5,995.61+ 3,110.72 1,154.38 1,470.39 0.00026** 0.00004 
3 1,135,018.46 -88.20 2,714.77 272.88 1,152.85 0.00038 0.00003 
4 2,217,360.24 -14,220.68+ 7,629.43 4,628.50+ 4,700.92 b b 0.0 
5a 2,118,261.08 -15,511.06+ 8,993.04 1,492.21 3,362.00 b b 0.0 
6 -51,114.17 - 3,282.40 4,162.47 1,902.47 2,246.78 b b 0.0 
7 -545.45 -53.13 3, 236.47 b b 0.00028** 0.00005 
^Regions 1 and 5 covered the whole period, 2926—1956» 
^Variable not included in this equation» 
**0ne percent level of significance for regression coefficients by "t* test* 
*Five percent level of significance for regression coefficients by "t" test» 
^Interval 32-6 percent level of significance for regression coefficients by "t" test. 
l^ i), adjusted coefficients of multiple determination (R^ ), 
3nations for commercial fertilizer in the six regions* 
*3 X4 X5 X6 
R2 
S *4 % *5 S *6 % S 
26** 0.00004 b b 0.0187 0.0254 21,110.76* 7,598.15 0.970 0.085 
38** 0.00003 b b -0.0410* 0.0195 18,559.70** 4,425.94 0.976 0.076 
b 0.00126** 0.00030 -0.0129 0.0549 13,390.88^  13,750.12 0.955 0.200 
b 0.00190 0.00038 0.0276^  0.0301 10,117.69 13,551.33 0.928 0.265 
b 0.00089** 0.00019 0.0127 0.0178 13,727.73* 6,450.94 0.939 0.112 
28** 0.00005 b b -0.0041 0.0105 5,215.82 6,306.46 0.917 0.087 
;• test. 
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In region 7, the adjusted coefficient of multiple determination (R^) 
was higher in the modified quadratic equation than the coefficients in 
both general Cobb-Douglas equation and linear equation» In addition, 
Figure 5U shows that the predicted quantity-time curves from equation 13 
were much closer to the actual value in region 7 than the same predicted 
curves from both general and linear equations,, Consequently, the 
modified quadratic equation could be considered as an alternative equation 
for region 7, 
Elasticities, at the mean, in both linear and modified quadratic 
equations were derived by using the same formula 3 Y • ][i described in 
dXi Y 
the previous chapter, and are presented in Table 8. These elasticities 
of all the variables in the alternative equations indicate the sign and 
magnitude as well as the regional Cobb-Douglas equation and the modified 
quadratic equation (9) indicated in the previous chapter. 
Table 8. Elasticities of demand for the linear equation in the six regions and modified quadratic 
equation in region 7 
Region 
Price 
elasticity 
of 
fertilizer 
Elasticity 
of fertilizer Income 
with respect elasticity 
to crop prices of fertilizer 
Elasticity 
of fertiliser 
with respect 
to acreage 
Elasticity 
of fertilizer 
with respect 
to time 
Elasticity 
of fertilizer 
with respect 
to income 
fraction 
> Ey a 3 Ey 0 k % \ 
By linear equation in Table 7 
Ie -0.269 0.058 0.278 d 0.203 0.189 d 
3e -0.01b O.OU3 lolU9 d -3.0U0 0.538 d 
Ue -O.U83 0.203 0.395 d -0.121 0.066 d 
-0.387 0.038 d 0.U50 0.176 0.050 d 
6e -0.35U 0.226 d 0.662 0.275 0.260 d 
7e -0.015 d 1.3U7 d -0.59b 0.260 d 
By modified quadratic equation (13) 
7 6 -1.167 -0.012 0.523 d -0.756 0.21*8 -O.OO6 
aIncomes indicated cash receipts from crops, livestock and its products and goverment payments» 
^Incomes indicated cash receipts from crops plus government payments. 
^Regions 1 and 5 considered the whole period, 1926-1956. 
dVariable not included in this equation. 
®Regions 3, U, 6 and 7 considered the period 1926-1956 (omitting years 19W&-1950). 
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VI. m EVALUATION AND INTERPRETATION OF THE STATISTICAL 
RESULTS FOR THE TWO-EQUATION MODEL OF NITROGEN 
IN THE UNITED STATES, 1926-56 
As mentioned previously, simultaneous equations provide appropriate 
estimates of coefficients for predicting demand and supply relationships# 
The following analysis attempts to estimate the trends of demand and 
supply functions for nitrogen in the United States, 1926-56. Furthermore, 
this analysis intends to check the results which were derived by the use 
of the single equation-least squares methods. 
The solution of the two-equation demand and supply model in the over-
identified case is indicated in equations (lit.) and (15), for the period 
1926-56. The standard errors of the regression coefficients are given 
in parentheses below the coefficients. 
(1U) Demand function for nitrogen: 
log Y2= 1.037 - 0.237 log Y-, + 0.536^log Z-, - O.367 log Z2 
(O.W (0.315 (1.626) 
+ 0.1l6flog Z3 - 1.237**log \ + 1.0Wt**log Zg 
R2 = 0.937 
5 « 0.073 
(15) Supply function for nitrogen: 
log Y2 - 28.961 + 3.265*log Y-, - 3.135+log Z9 - 0.267flog Z, 
(1.309) (2.225) (0.156) ^ 
+ 0.688 log Z6 + 0.795**log Z7 - L.b92**log Zfi 
(0.703) (0.203) (1.105) 
R2 = 0.930 
S = 0.076 
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** One percent level of significance. 
* Five percent level of significance. 
t Interval 32-6 percent level of significance. 
In equation (110, the mean regression coefficients (elasticities) 
for the endogenous and exogenous variables were consistent with what 
would logically anticipate, except that the coefficient for crop prices 
in the previous year has a negative sign. 
The mean regression coefficients (elasticities) for fertilizer prices 
(^ï]_), total acreage of cropland (^Zg), and time (Z^), were approximately 
-0.2b, -O.37 and 0.12, respectively. These coefficients indicate that 
the response of nitrogen demanded to these endogenous and exogenous vari­
ables (^Y-^, j.Zg and Zj) was less in the simultaneous equations than in 
the single equation (I4.) in the previous Table 2. However, the mean 
regression coefficient for cash receipts from farming (^-l^)» or the 
income elasticity, was I.OU in the simultaneous equation, as compared 
to 0.80 in the single equation (U), and was significant at the one percent 
level. This coefficient means that the demand for nitrogen was highly 
responsive to cash receipts from farming in the simultaneous equation 
(1U) than in the single equation (U). In addition, the mean regression 
coefficient for the first differences of nitrogen use in the previous 
two years ((•£_!) _ (t-g)%l)* the variable, was 0.5U. This coefficient 
indicates that if the first differences of nitrogen use in the previous 
two years increases by one percent, other things being equal, the demand 
for nitrogen is predicted to increase about by l/2 of one percent in the 
current year. This also implies stronger upward trends in the use of 
nitrogen, which is consistent with a positive coefficient for time 
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(Zj = 0.116). Thus, in fact, the demand for nitrogen has significantly 
shifted upward during the period analyzed. 
The adjusted coefficient of multiple determination (R2) was 
approximately 0.93 with the standard error of estimate (S) was only 0.07. 
Hence, the demand function for nitrogen derived from the simultaneous 
equation could be considered as an alternative technique to predict 
the trend of the nitrogen consumption that will be in future years. 
In the supply function (1$), the mean coefficient (elasticity) for 
fertilizer prices (Y^) was approximately 3.26 and significant at the five 
percent level. This elasticity indicates that by an increase in the 
fertilizer price of one percent, the supply of nitrogen is predicted to 
increase by 3.26 percent. This is obviously true for this supply model. 
Fertilizer producers would likely sell more nitrogen when a rise in 
fertilizer prices exists. In addition, the mean coefficients (elas­
ticities) for the fertilizer production costs (^„]_2^) and the productive 
capacity of nitrogen (^Zy) were approximately O.69 and 0.80. These 
elasticities indicate that if the fertilizer production costs and the 
productive capacity increase by one percent, then the supply of nitrogen 
is predicted to increase by 2/3 and lt/5 of one percent, respectively. 
Again, the mean regression coefficient for the productive capacity of 
nitrogen was significant at the one percent level. Hence, expanding 
the productive capacity and increasing the production costs are predicted 
to increase the supply of nitrogen significantly. 
The mean regression coefficient for total acreage of cropland (^Zg) 
was -3» 13» This coefficient means that by decreasing total acreage of 
cropland by one percent, the supply of nitrogen is predicted to increase 
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by 3*13 percent. Thus, a substitution effect of total acreage of crop­
land and nitrogen consumption exists in this study. This tendency would 
likely guide the fertilizer producers to supply more nitrogen in order 
to substitute more acreage of cropland in the future few years. 
The mean regression coefficient (elasticity) for fertilizer prices 
in the previous year (t_]Zg) vas approximately -U.U9 and was significant 
at the one percent level. In response to the previous year's fertilizer 
prices, the supply of nitrogen tends to have a negative slope. In other 
words, fertilizer producers likely will sell more nitrogen when fertilizer 
prices fall in the previous years. 
So far, the mean regression coefficients (elasticities) for the 
endogenous and exogenous variables in equation (15) were consistent with 
the logic except for the coefficient for the time (Z-j), which has a 
negative sign contrary to our hypothesis. 
The adjusted coefficient of multiple determination (R2) was approx­
imately 0.93 in both demand and supply equations (lit and 15). This 
coefficient shows that 93 percent of the variance in the endogenous 
variables were associated with their exogenous variables in each of the 
simultaneous equation. The remaining 7 percent of the variations of the 
endogenous variables in each of the simultaneous equation may have been 
due to other factors which are assumed to be normally distributed or 
not included. 
Figure 55 shows the actual quantity-time curve for nitrogen as 
compared with the predicted curve for nitrogen which was derived by the 
demand equation (lU). The trend of this predicted curve seems quite 
consistent with the trend -which was derived from the single equation (U) 
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mentioned in the previous section. Also, this figure indicates that the 
actual and predicted quantity-time curves for nitrogen consumption for 
the period 1926-56 were considerably close except in the periods 19U8-51 
and 1955-56* In addition, the predicted demand and supply quantity-time 
curves for nitrogen from equations (lU and 15) are shown in Figure 56* 
These two curves are closely consistent and indicate that the quantity 
of nitrogen demanded and supplied expanded rapidly during the period 
analyzed. Again, the intersection of the supply and demand curves seems 
to be equivalent to the equilibrium points of nitrogen in those years 
1928, 1932, 1935-36, 1939, 19Wi, 19U6-U7, 19l9, 1952, and 195b. 
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HI. DEMAND FUNCTION FOR COMMERCIAL -FERTILIZER, 
(1926-56), FROM A MODEL USING EXPECTED PRICES 
In the preceding analysis, it was assumed that the quantity of 
fertilizer demanded was based on its prices in the current year t. 
However, a modified hypothesis is that the predicted quantity of ferti­
lizer demanded should likely be related, not to the price in the current 
year, but rather to the previous year's price. Nerlove (17) points out 
that expected prices may depend on a limited extent on last year's price. 
He proposes a simple model representing expected price as a weighted 
moving average of past prices, where the annual weights decline over 
time. The procedure for representing expected price by the price lagged 
one year, is a special case of this general hypothesis in which the weight 
attached to last year's price is one, and the weight attached to all other 
past prices is zero. 
In this study, Nerlove's expectation model can be constructed and 
is shown in equation (16) at logarithmic form: 
(16) log Yt = log aQ + b1 log.jJC* + log Ut 
Variable Y^ is the quantity of fertilizer demanded in year tj ^X^ is the 
expected price of fertilizer for year t, and is a random residual. 
One possible hypothesis is that farmers revise their expected price in 
proportion to the error they made in predicting last year's price. This 
hypothesis, advanced by Nerlove, is started mathematically in equation 
(17). The B term is called the coefficient of expectation. 
(17) log  ^~ l°&t-l xi * B(logj._i X-j_ - logt_1 X-j_) 
(18) log tx£ » B log t_1X1 + (1 - B) log t-1X* 
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(19) log , i%T - log Yt-1 - lQg ao - lpg ïït-l 
bl 
(20) log ït » B log aQ + B 1^ log ^X^ + (1 - B) log Y^ + log V^ 
Equation 17 is solved for to give equation (18), Since the relation­
ship in equation (16) is valid for the year t-1 as well as year t, all 
time subscripts are changed to t-1, and equation (16) is solved for ^ 
The resulting regression is given in equation (19). Substituting equation 
(19) for in equation (16) results in equation (20). Equation (20) 
expresses the demand for fertilizer as a function of last year's price 
and quantity, while V^. is a new residual term. With a combination of 
equation (20) and equation (1) in the previous Chapter IV, the resulting 
expression is given in equation (21). The coefficients of equation (21) 
are estimated by least-squares. From these coefficients, the estimates 
of aQ and b^ in equation (16) are obtained. 
(21) log Yt » B log aQ + B b^log ^3^ + (l - B) log 
+ bg log + b3 logt-lX3 + **5 log-f-X^ + b^log X^ 
The empirical results derived from the expected price model are 
indicated in equation (22). Standard errors of the regression coeffi­
cients are given in parentheses below the coefficients. 
(22) log Y. = 16.61*0517 - 0.687033* log . ,X, + 0.51*7881*** log Y. , 
(0.36911b) (0.13LL39) t~1 
- 0.11bl27 log t nX2 + 0.11*8525 log , nX, 
(0.281*712) (0.137299) 
- 1.580785 log jCt- + 0.053216 log +xA 
(1.008065) (0.062113) ° 
81 
B = O.U52116 
b1 = -1.51959b R2 = 0.929019 
log aQ = 36.805857 S = 0.05U626 
** One percent of significance. 
* Five percent of significance. 
Interval 32-6 percent of significance. 
The magnitude of the coefficient of expectation (B) is apparent imme­
diately from the regression coefficient 1 - B. With B estimated, the 
estimates of aQ and b^ follow directly. 
In equation (22), the mean regression coefficients (elasticities) 
for all independent variables are similar in magnitude and sign to those 
from the previous equation 1 (comparing equations 1 and 22), except that 
the coefficient for crop prices in the previous year (t-1^2^ ^as a neg­
ative sign. The coefficient of expectation (B) was 0.U5 at the one 
percent level of significance. This indicates that if the demand for 
commercial fertilizer in the last year increases by one percent, then 
the demand for the same fertilizer in the current year is predicted to 
increase approximately by l/2 of one percent, ceteris paribus. From this 
comparison, the assumption that farmers closely identify expected price 
with last year's price and the coefficient of expectation (B) appears 
quite reasonable. Additional evidence of the close relationship between 
lagged prices and expected prices is that none of the coefficients of 
expectation (B) in equation (22) differ significantly from unity tested 
at the five percent level"*" (U)» 
Assuming that tests of significance are applicable here, a t-test is 
perfromed where t = (B - l.o/sg). The standard error of B (AB) equals 
the standard error of 1 - B(s/^_g\) which has been computed by ordinary 
regression analysis. 
From statistical theory, s(I_B) = S1 + SB* But = 0 since the 
standard error of a constant equals zero. Thus, s(i_b) ~ ^B* 
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VIII. PREDICTED FERTILIZER DEMAND 
TO 1957, 1958, AND 1965 
This section intends to describe probable future trends in total 
demand for fertilizer if past and present tendencies continue. Projection 
of these trends is carried to the year 1965. Assuming that logical models 
were derived and reasonable results obtained in the previous section, 
they may provide fairly reliable estimates of the average demand level 
for commercial fertilizer ten years in the future. Information of this 
type should aid the fertilizer producers in planning their operations 
and would give a partial indication of the average price situation that 
might prevail. In other words, some adjustments will give to be made 
in production, consumption and prices of fertilizer in order to achieve 
its partial equilibrium in future economic growth. 
The patterns of United States agriculture, land use and farmer 
incomes in 1965 are based eight assumptions (2) which serve as guides 
to estimate reliable figures. For instance, on the basis of the ten 
year average, 1956-55, cash receipts from crops plus government payments 
are predicted to be $2ltlu3 billions, which is 1*6 percent of the predicted 
gross national product for 1965. The acreage of cropland will likely 
decrease in 1965 as compared to 19551 i.e., 300 million compared with 
35b.5 million acres. The effect of new technological developments, 
including upward trends in fertilizer use should contribute to the con­
tinued increase in farm output in the year 196$. 
An estimate of the quantity of fertilizer demanded in 1957, 1958, 
and 1965 was derived by applying a Cobb-Douglas function 2. Also, the 
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first difference equation 7 was used to estimate the demanded quantity 
of fertilizer for 1957 and 1958 « Both results are illustrated in Table 
9 and are shown graphically in Figures 57 and 58. 
Table 9. Predicted fertilizer demand to 1957, 1958, and 1965 
By Cobb-Douglas equation 2 By first difference equation 7 
Upper Lower Upper lower 
Year Y limit limit Y limit limit 
(Unit: 1,000 tons) 
1957 2b,582 29,616 20,1*07 22,891* 21*, 779 21,152 
1958 25,550 30,783 21,207 22,911 21*, 798 21,168 
1965 36,663 16,170 30,1*30 
The trend in the use of fertilizer seems to be continuously upward. 
From equation 2, the estimated quantity of fertilizer was approximately 
2l*.6 million tons for 1957, and 25*6 million tons for 1958, as compared 
with equation 7 which estimated 22.8 and 22*9 million tons for 1957 and 
1958, respectively. The ranges 20.U to 29.6 million tons for 1957, and 
21.2 to 30.8 million tons for 1958 derived from equation 2 were much 
wider than the narrow ranges between 21.1 to 2k.8 million tons for 1957, 
and 21.2 to 2l*.8 million tons for 1958 derived from equation 7. This 
is another evidence that the range is small due to the smallest standard 
error of estimates in the first difference equation. Furthermore, the 
estimate of the quantity of fertilizer demanded for 1965 was approximately 
36.7 million tons as derived by equation 2. This figure for 1965 is 1 2/3 
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Fig, 58 Predicted quantity-time curve for commercial fertilizer to 1957 
and 1958 of United States farmers (by first difference equation 
7) 
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times that of 1955 (22.3 million tons) and. is consistent with the UU.U 
million tons in 1965 which was estimated by Black and Bonnen (2). Hence, 
the trends in the use of fertilizer soar confidently upward in the future 
ten years. 
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IX. SUMMARY AND CONCLUSIONS 
Up to the present time, demand analysis for many agricultural 
products (19) have been examined extensively» But little work has been 
done in estimating resource demand functions for farmers. Yet improved 
knowledge of resource demand by farmers is important for understanding 
supply phenomena. Hence, this study deals with the demand for a 
particular resource, fertilizer, by farmers. It is part of a larger 
study dealing with the demand for resources and the supply of products 
by farmers. It is an aggregative study, based on time series data, 
indicating the variables related to fertilizer use in the United States 
as a whole and for ten agricultural regions» 
The main objectives of this study are to predict the national demand 
functions for commercial fertilizer, total plant nutrients, nitrogen, 
phosphoric acid, and potash; to predict the demand functions for com­
mercial fertilizer and total plant nutrients for each of the ten agri­
cultural regions; and to test empirically the demand elasticities for 
fertilizer over time. 
Data for the fertilizer demand functions are obtained from 
Agricultural Statistics (22) and other U.S.D.A. bulletins (23 and 2U) 
for the calendar years 1910 through 1956» For the purposes of estimating 
regional demand functions, the United States was divided into ten 
agricultural regions. Uniformity of type-of-farming was the basis for 
delineating the regions. 
The demand functions for fertilizer were fitting for two different 
time periods: In the first time period, 1926-56 (omitting 
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19UU-50),^ fertilizer consumption was measured both as total tons of 
commercial fertilizer and total plant nutrients, for the national and 
the individual regional equations. In addition, demand functions for 
individual nutrients such as nitrogen, phosphoric acid, and potash were 
estimated for the national demand model only. In the second time period, 
1910-56, commercial fertilizer consumption was estimated by the national 
demand equation. 
Two methods were employed in this study: (1) the single equation-
least squares method; (2) the simultaneous equation method. The main 
algebraic form of equation used was a Cobb-Douglas t<ype and the first 
differences in logarithmic form, a linear and a modified quadratic 
form with a squared variable of time, used as alternative equations» 
The over-identified case in two-equation model was designed to measure 
the national demand and supply functions for nitrogen. These two methods 
were applied to both first and second time periods mentioned in the 
previous section. Besides, the expectation model proposed by Nerlove (17) 
which also was employed as a final check on methodology. 
After the results are obtained from the time series data, several 
conclusions can be made. 
In general, the results for the United States as a whole and ten 
selected regions obtained by an analysis of both the single equation-least 
squares method and the simultaneous equation approach appear to conform 
to the economic theory outlined in Chapter II. 
^The period 19l4t-50 is excluded because fertilizer production 
capacity was short during the period and rationing of fertilizer generally 
existed. 
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Evidence of the nature of the dynamic theory of resource demand 
exists in the time series data. After excluding the innovation period 
(1850-1909) and the period (1916-50),^ the results from the normal period, 
shifting demand with shifting supply, are quite consistent with the nature 
of fertilizer demand by farmers. In addition, evidence of the aggregate 
principle exists for commercial fertilizer and total plant nutrients 
which are derived directly from the national demand model and by the 
summation of all the estimates of the ten regions and for N-P-K, 
respectively. 
In both the single and simultaneous equations, the Cobb-Douglas 
equation can be considered as a general fertilizer demand function for 
the United States and the ten regions. This Cobb-Douglas function 
particularly fits the United States in the period 1910-56 (omitting 
1916-50) and might be considered as the demand function for fertilizer 
in the United States. Again, the first difference equation in the 
logarithmic form is chosen for forecasting purpose. 
According to the specific properties of the different equations, 
an alternative function may be constructed to conform to the actual 
agricultural situation for each region. With the criterion that we 
desire the smallest standard error of the estimate, and with more 
information about the change of crop prices, the first differences in 
logarithmic form is probably sufficient to be considered as the demand 
equation for region 1. With the higher adjusted coefficients of multiple 
determination (R2), the linear equation could be considered as the demand 
1-The period 1916-50 is excluded because fertilizer production 
capacity was short during the period and rationing of fertilizer generally 
existed. 
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equation for regions 3# 5» and 6 and the modified quadratic equation for 
region 7. The remaining regions 2, It, 8, 9 and 10 were best fitted with 
the general Cobb-Douglas equation. 
In the general Cobb-Douglas equation, the mean regression coeffi­
cient, (elasticity) for fertilizer prices (^X^) in equation (2) was 
significant at the one percent level, while the mean regression coeffi­
cients for the same variable in the five and six-variable equations were 
significant between 32-6 percent for some and at the one percent level 
for others among the ten regions shown in Table it. These coefficients 
indicate that the response of the demand for fertilizer to fertilizer 
prices had a significantly negative relationship. In other words, all 
demand curves for fertilizer over time had a negative slope and was 
consistent with the hypothesis in this study. 
The mean regression coefficients (elasticity) for cash receipts 
from farming (t-1^3) or cash receipts from crops plus government payments 
( t-l*U ) were significant at the one percent level in the United States 
overall and the ten regions. These coefficients show that the demand 
for fertilizer with a positively sloping trend closely responds to farm 
incomes. In other words, farmers likely will buy more fertilizer with 
increasing incomes and buy less fertilizer with decreasing incomes. 
Likewise, the mean regression coefficient for crop prices (^.^Xg) was 
significant at the 32-6 percent level in the United States, while the 
coefficients were significant at the one percent level in region 5, 
and at the 32-6 percent level in region 7. These coefficients indicate 
that the demand for fertilizer had a positively sloping trend similar 
to the trend of an income-demand curve. 
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The sign of the regression coefficients (elasticities) for total 
acreage of cropland (^X^) were negative in regions 1, 2, 3, and 8, 
as well as in the United States as a whole. These elasticities indicate 
that the demand for fertilizer was inversely affected by total acreage 
of cropland over time in the United States and in the dairy, feed grain 
and livestock type-of-farming regions. In other words, there is a 
substitution relationship between fertilizer use and the acreage in 
cropland. In the remaining six regions 1* to 7, 9 and 10, the signs of 
the coefficients for the same variable were positive. Hence, the demand 
for fertilizer in the cotton, tobacco and general farming, special crops, 
and fruit, truck and mixed type-of-fanning regions, responded directly 
to the acreage in cropland and fertilizer use exists in those regions 
with the positive sign of coefficients. 
The sign of the regression coefficients for time (X^) was positive 
in the entire United States and in the ten agricultural regions. In the 
general and alternative equations utilizing the least squares method, 
this positive sign of the coefficient for time also exists. In addition, 
these coefficients were significant between the interval 32-6 percent 
to one percent level among the ten regions in the United States, except 
in regions 2, 5* 6 and 7. Therefore, the use of fertilizer, expanded 
rapidly in the Northern Plains, Mountain, Lake States, and Pacific regions 
during the period 1926-56 when technical knowledge in fertilizer use was 
improving and prices and incomes were favorable. In the regions of the 
Appalachian, Southeast, and Delta States due to drought and other factors, 
expanded less rapidly. 
The two-equation demand supply models in the over-identified case 
9U 
was designed to measure these relationships for nitrogen and was estimated 
by the maximum likelihood method in the reduced form. In general, the 
results were consistent with logic except that the coefficients for crop 
prices in the demand equation, and for time (Z^ ) in the supply 
equation, "both have a negative sign. Particularly, this analysis was 
consistent with the Static Theoiy of Resource Demand by Firms, this theory 
states that, under static conditions of perfect competition, the demand 
for nitrogen will increase with a fall in fertilizer prices, and diminish 
with a rise in its price. On the other hand, the supply of nitrogen will 
increase with a rise in fertilizer price and decrease when the price 
falls. In addition, the supply of nitrogen is also affected by the 
application of fertilizer in the previous year. Nitrogen producers will 
sell more nitrogen following a decrease in the fertilizer price in the 
previous year. Little additional information about the productive 
capacity of nitrogen and production costs of fertilizer were obtained 
from this compi'ehensive model regarding the demand and supply relation­
ships for nitrogen. 
Nerlove ' s expectation model can be constructed under a modified 
hypothesis which states that the predicted quantity of fertilizer demanded 
would be related to the previous year's price. The empirical results 
derived from the expected price model in equation 22 are similar in 
magnitude and sign to those results from the Cobb-Douglas equation 2, 
except that the coefficient for crop prices in the previous year 
has a negative sign. It appears that the assumption that farmers closely 
identified expected price with last year's price and the coefficient of 
expectation (B) is quite reasonable. 
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In addition, the estimated quantity of fertiliser demanded for 1?65 
was approximately 36.7 million tons derived by applying a Cobb-Douglas 
equation 2. It seems likely that the upward trend of fertilizer use will 
continue over the next ten years. 
In summary, it appears possible to derive estimates of resource 
demand responses from both single and simultaneous equations that are 
not inconsistent with economic theory and statistical logic. The results 
obtained from this analysis provide support for the hypothesis of expanded 
use of fertilizer application for United States farmers in facing future 
technological changes. Again, this study provides numerical elasticities 
of fertilizer with respect to fertilizer prices, crop prices, cash 
receipts from farming or cash receipts frcm crops plus government pay­
ments, and total acreage of cropland from the time series data. It seems 
likely that further work should be done utilizing these techniques to 
analyze other agricultural resources. 
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XII. APPENDIX 
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Table 10» A comparison of yields per acre for the most important crops 
in the United States (22) 
Crops 
Av. 1910-1911; Av. 19U0-19UU Av. 1950-1955 
Yields 
per acre Percent 
Yields 
per acre Percent 
Yields 
per acre Percent 
Wheat llt.30 bu. 100 17.10 119 17.90 125 
Corn 25.90 bu. 100 31.90 123 39.10 151 
Oats 29.50 bu. 100 31.90 108 3L.60 117 
Barley 21.60 bu. 100 23.60 109 27.90 129 
Cotton 200.30 lbs. 100 262.00 130 326.00 162 
Sugar beet 10.60 short 100 12.60 109 15.90 150 
tons 
Tobacco 816.00 lbs. 100 1,021.00 125 1,331.00 163 
Peanuts 796.00 lbs. 100 717.00 90 893.00 112 
Soybean3 b bu. b 18.10 Ht3 19.90 158 
Potatoes 99.80 bu. 100 136.60 136 152.60 152 
Hay (all) 1.15 tons 100 1.35 117 1.U6 127 
T^he figures for soybean in columns li and 6 were on the basis of 
the average 1926-1956 (yields per acre = 12.60 bu.)« 
F^igures were not available. 
Table 11. Quantities of ocameroial fertilizer, index of fertilizer prices# index of crop prices* cash receipts 
from farming, cash receipts from crops plus government payments# acreage of cropland and index of 
U# S. general wholesale prices in the United States* 1910—1956, (21 and 22) 
Quantity of Cash Cash receipts Index of 
commercial Index of Index receipts from crops plus Acreage U. S. general 
Year fertilizer 
(1) 
fertilizer 
prices 
(2) 
of crop 
prices 
(3) 
3 
1 
(4) 
from 
farming 
(5) 
government 
payments 
of 
cropland 
(7) 
•wholes 
price 
(8) 
(ions) (1,000 dollarsJ (1,000 dollars) i1,000 aores) 
1910 5,452,223 99 103 104 6,642,000 5,486,374 325,000 103 
1911 6,023,541 99 100 101 6,372,000 5,562,058 330,000 95 
1912 5,766,916 100 100 100 6,784,000 5,842,220 329,000 101 
1913 6,336,972 102 98 96 6,975,000 6,133,000 333,000 102 
1914 7,099,619 100 94 94 7„028,000 6,112,000 334,000 99 
1915 5,323,262 112 94 84 7,395,000 6,907,000 340,000 102 
1916 5,124,904 120 118 98 8,914,000 9,054,000 340,000 125 
1917 5,925,028 137 187 136 12,832,000 13,479,000 349,000 172 
1918 6,466,186 170 215 126 15,101,000 14,331,000 362,000 192 
1919 6,625,343 182 226 124 16,935,000 16,013,000 364,000 202 
1920 7,176,754 236 232 125 13,566,000 11,145,000 360,000 225 
1921 4,862,931 156 121 78 8,927,000 5,343,608 359,000 142 
1922 5,669,915 129 138 107 9,944,000 7,073,691 355,000 141 
1923 6,442,314 126 154 122 11,041,000 7,922,467 354,000 147 
1924 6,824,911 120 156 130 10,220,475 5,414,655 355,000 143 
1925 7,333,166 129 163 126 10,995,902 5,526,419 363,784 151 
1926 7,328,268 126 340 111 10,563,532 4,888,767 359,199 146 
1927 6,843,199 121 135 112 10,755,525 5,156,811 359.295 139 
1928 7,958,806 131 144 110 11,071=991 5,044,318 367,497 141 
1929 7,934,030 130 135 104 11,302,889 5,125,247 363,028 139 
1930 8,221,000 126 119 94 9,024,616 3,839,534 369,550 126 
1931 6,353,000 115 79 69 6,372,680 2,536,332 370,589 107 
1932 4,384,000 99 60 60 4,746,815 1,996,704 375,471 95 
1933 4,907,000 96 72 75 5,445,501 2,604,254 373,124 96 
1934 5,582,000 104 98 94 6,779,862 3,450,051 338,965 109 
1935 6,273,000 102 102 100 7,659,367 3,551,551 361,889 117 
1936 6,931,000 96 107 111 8,654,137 3,938,717 360,239 118 
1937 8,226,000 102 115 112 9,217,051 4,314,962 363,018 126 
1938 7,548,000 100 80 80 8,168,207 3,672,238 354,269 115 
1939 7,707,000 101 80 79 8,684,675 4,172,742 342,870 113 
Table 11. (Continued) 
Year 
Quantity of 
commercial 
fertilizer 
(1) 
Index of 
fertilizer 
prices 
(2) 
Index 
of crop 
prices 
0) 
3 
2 
(4) 
Cash 
receipts 
from 
farming 
(5) 
Cash receipts 
from crops plus 
government 
payments 
(6) 
Acreage 
of 
cropland 
(7) 
Index of 
U. S. general 
wholesale 
prices 
(8) 
(tons) (1,000 dollars) (1,000 dollars) (1,000 acres) 
1940 8,249,000 98 88 89 9,109,242 4,236,154 348,050 135 
1941 9,183,000 98 106 108 11,742,328 5,303,228 347,857 127 
1942 9,949,000 109 142 130 16,013,166 7,025,991 351,521 344 
1943 11,463,000 116 183 158 20,013,832 8,654,346 361,730 151 
1944 12,055,000 118 194 164 21,041,535 9,842,861 365,834 152 
1945 13,201,329 120 203 169 22,286,340 10,307,223 356,324 155 
1946 14,703,954 121 227 187 25,635,645 11,936,685 353,041 177 
1947 16,506,677 134 263 196 30,327,751 13,818,266 356,182 222 
2948 17,507,752 146 252 179 30,800,462 13,735,201 359,484 241 
3949 18,200,887 150 223 148 28,197,103 12,771,136 365,310 226 
1950 17,988,968 144 232 161 28,611,267 12,635,682 353,808 236 
1951 20,507,920 152 265 174 32,907,313 13,338,352 362,386 263 
1952 22,052,197 156 267 171 32,647,941 14,293,847 356,082 256 
1953 23,035,325 157 242 154 31,625,980 14,362,581 359,800 253 
1954 22,362,039 155 244 157 30,460,684 13,772,646 354,253 253 
1955 22,283,975 153 240 157 29,492,462 13,655,966 354,502 253 
1956 21,697,000 151 241 159 30,926,000 34,676,000 350,690 262 
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Table 12. Quantities of total plant nutrients, nitrogen, phosphoric 
acid, potash, and nitrogen productive capacity in the 
United States, 1926-56, (22 and 23) 
Year 
Total plant 
nutrients Hitrogen 
Phosphoric 
acid Potash 
Nitrogen 
production 
capacity 
(Unit: tons) 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
193k 
1935 
1936 
1937 
1938 
1939 
19U0 
19l*l 
19l*2 
19lt3 
19a 
19U5 
191*6 
191*7 
191*8 
191*9 
1950 
1951 
1952 
1953 
195U 
1955 
1956 
1,210*, 282 
1,178879 
1,1*11,002 
1,1*1*1,291 
1,620,875 
1,U*1*,271 
782,121* 
888,169 
1,056,993 
1,17k,069 
1,312,1*21 
1,603,891* 
1,503,766 
1,552,11*2 
1,691*,089 
1,81*1,351* 
2,033,536 
2,1*00,11*0 
2,612,697 
2,717,11*7 
3,183,1*65 
3,379,201* 
3,537,590 
3,836,578 
3,91*8,71*3 
It,323,536 
5,032,332 
5,1*08,021 
5,655,653 
6,005,1*70 
5,966,000 
278,920 
272,91*8 
332,686 
31*6,589 
361*,527 
290,168 
201*,Oil* 
230,391* 
293,851 
301,085 
331*,798 
1*01,366 
1*73,111 
380,727 
395,606 
1*33,091 
385,579 
526,328 
596,986 
597,272 
723,585 
791*,273 
816,618 
877,1*91* 
955,530 
1,171,200 
1,366,276 
1,561*,956 
1,769,122 
1,897,31*7 
1,895,000 
682,91*7 
61*5,887 
75U,390 
761,850 
767,385 
589,167 
397,1*19 
1*1*1*,611 
510,21*9 
576,921* 
61*2,91*8 
797,051 
71*8,U53 
779,859 
887,31*2 
966,356 
1,120,1*88 
1,255,1*90 
1,390,1*62 
1,398,1*37 
1,652,867 
1,755,1*11* 
1,832,318 
1,916,61*1 
1,921*,086 
1,785,31*0 
2,179,697 
1,561*,91*6 
1,769,122 
1,897,31*7 
2,221,000 
282,1*15 
260,01*1* 
323,926 
332,852 
1*88,963 
261*,936 
181*,691 
213,161* 
252,893 
296,060 
331*,675 
1*05,1*77 
382,202 
391,556 
1*11,11*1 
1*1*1,907 
527,1*69 
618,322 
625,21*9 
721,1*38 
807,013 
829,517 
888,651* 
1,01*2,1*1*3 
1,069,127 
1,366,996 
1,1*86,362 
1,703,890 
1,766,51*6 
1,831*,017 
1,850,000 
227,000 
21*1*,000 
301,000 
1*00,000 
1*30,000 
1*61,000 
557,000 
51*7,000 
5lti,ooo 
51ti,ooo 
51*2,000 
559,000 
570,000 
575,000 
580,000 
592,000 
658,000 
1,002,000 
1,1*01,000 
1,51*1*,ooo 
i,59l*,ooo 
1,608,000 
1,608,000 
1,605,000 
1,780,000 
1,793,000 
1,915,000 
1,973,000 
2,1*39,000 
3,161*,000 
3,602,000 
lob 
Table 13» Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 1, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 1,221,000 207,20b b6,398 113,797 b7,009 
1927 1,307,000 22b,BOb 52,019 123,250 b9,535 
1928 1,316,000 232,801 5b,877 12b,b9b 53,b30 
1929 1,380,000 2b6,192 59,202 130,13b 56,856 
1930 1,365,000 2b5,l6b 60,613 127,599 56,952 
1931 1,21*3,000 225,b8o 57,178 116,096 52,206 
1932 1,082,000 19b,327 50,b21 98,2b6 b5,66o 
1933 1,038,000 188,086 b8,786 9b,lb7 U5,153 
193b 1,135,000 209,068 53,913 103,739 5l,bl6 
1935 1,212,000 225,b32 57,812 110,777 56,8b3 
1936 1,288,000 2bb,978 62,b68 120,0b2 62,b68 
1937 1,168,000 282,lb9 71,638 138,139 72,372 
1938 1,373,000 269,2b6 67,96b 131,671 69,611 
1939 1,3U5,000 268,731 66,981 132,886 68,86b 
19h0 1,lab,000 289,305 68,579 lb9,b6o 71,266 
19bl I,b53,000 297,138 70,906 153,873 72,359 
19b2 1,675,000 3b3,208 65,828 186,930 90,b50 
191*3 l,8b8,000 376,068 79,b6b 195,518 101,086 
I9bb 2,085,299 b76,7H 79,bl8 26b,500 132,793 
I9b5 2,076,609 b88,28l 85,16b 253,8b5 lb9,272 
19U6 2,167,271 b97,923 90,007 269,28b 138,632 
1917 2,20b,073 b89,312 87,2b7 270,989 131,076 
1918 2,232,276 516,99b 91,693 273,771 151,530 
19U9 2,273,b7b 530,817 93,179 272,702 16b,936 
1950 2,293,007 5b2,323 90,529 286,859 16b,935 
1951 2,309,683 55b,902 95,321 285,bb3 17b,138 
1952 2sb27»821 597,722 110,5b8 286,697 200,b77 
1953 2,500,lb7 613,128 107,b62 287,112 218,55b 
195b 2,b05,559 598,289 111,32b 266,9b2 220,023 
1956 2,b03,000 620,063 
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Table lit. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 2, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 621,000 105,381* 23,598 57,877 23,909 
1927 61(2,000 110,1+25 25,552 60,51*1 21*,332 
1928 61*8,000 lilt,632 27,022 61,301 26,309 
1929 707,000 126,128 30,330 66,670 29,128 
1930 677,000 122,1*02 30,262 63,706 28,lt3l* 
1931 518,000 93,965 23,828 1*8,381 21,756 
1932 307,000 55,137 11*, 306 27,876 12,955 
1933 363,000 65,776 17,061 32,921* 15,791 
1931* 1*93,000 89,811 22,1*18 1*5,060 22,333 
1935 590,000 109,71*0 28,lit3 53,926 27,671 
1936 715,000 135,991* 31*,678 66,638 31*,678 
1937 717,000 137,808 31*,990 67,1*70 35,31*8 
1938 663,000 130,015 32,819 63,582 33,611* 
1939 669,000 133,666 33,316 66,097 31*, 253 
191*0 779,000 159,381* 37,782 82,31*0 39,262 
19l*l 832,000 170,11*5 1*0,602 88,109 1*1,1*31* 
191*2 932,000 190,966 36,627 10lt,011 50,328 
191*3 1,2U5,000 253,358 53,535 131,721 68,102 
19a 1,791,1*71* 351*,1*71 30,133 220,232 10lt,106 
191*5 2,057,916 lt06,127 37,011t 237,815 131,298 
191*6 2,1*70,725 1*96,635 50,179 292,152 15U,301* 
191*7 3,096,1*71* 572,383 69,592 332,265 170,526 
191*8 3,297,666 61tO,669 78,306 369,1*1*6 193,917 
191*9 3,1*87,1*01 728,782 92,1*87 393,155 21*3,11*0 
1950 3,316,028 732,000 102,706 379,690 2lt9,60lt 
1951 It,086,661* 929,128 11*5,381 1*1*3,552 31*0,195 
1952 1*,31*7,11*3 l,Olt6,172 206,538 1*98,625 31*1,009 
1953 5,1*17,318 1,385,273 291*, 886 571,1*28 518,959 
1951* 5,189,821 l,50lt,75l 358,632 591,111* 555,002 
1955 U,716,593 1,502,750 31*9,2U7 596,91*1» 556,559 
1956 It,1*97,000 l,lt00,000 
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Table 15. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 3, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 132,000 22,bOO 5,016 12,302 5,082 
1927 151,000 25,972 6,010 lb,239 5,723 
1928 197,000 3b,8b9 8,215 18,636 7,998 
1929 210,000 37,b6b 9,009 19,803 8,652 
1930 212,000 38,329 9,b76 19,9b9 8,90b 
1931 169,000 30,657 7,77b 15,785 7,098 
1932 118,000 21,193 5,b99 10,71b b,980 
1933 103,000 18,66b b,8bl 9,3b2 b,b8l 
193b 101,000 18,60b b,798 9,231 b,575 
1935 150,000 27,900 7,155 13,710 7,035 
1936 168,000 31,95b 8,lb8 15,658 8,lb8 
1937 200,000 38,bbO 9,760 18,820 9,860 
1938 193,000 37,8b8 9,55b 18,509 9,785 
1939 201,000 bo,160 10,010 19,859 10,291 
19b0 256,000 52,377 I2,bl6 27,059 12,902 
19ll 311,000 63,600 15,177 32,935 I5,b88 
19U2 503,000 103,065 19,768 56,135 27,162 
191*3 1*97,000 101,lbo 21,371 52,583 27,186 
19hU 653,188 152,761 15,505 93,678 b3,578 
19b5 727,3b2 176,261 18,792 99,726 57,7b3 
19U6 87b,9b3 210,823 21,181 125,639 6b,003 
19b7 91b,799 233,227 28,858 131,777 72,592 
19U8 1,062,871 265,855 29,820 153,bl9 82,616 
19b9 1,115,802 299,919 30,777 165,550 103,592 
1950 1,076,513 301,655 30,097 165,bl2 106,lb6 
1951 1,117,061 361,b9b 35,Obb 163,225 163,225 
1952 1,209,790 399,995 b6,589 176,703 176,703 
1953 1,36b,370 b6b,73b 58,260 191,21b 170,133 
195b 1,335,151 b20,107 7b,769 20b,ia 185,823 
1955 l,bbl,269 537,587 91,985 2bl,698 203,90b 
1956 1,boo,000 600,000 
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Table 16. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 1*, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 1,91*1*,000 329,897 73,872 181,181 7L, 81*1* 
1927 1,805,000 310,1*61 71,839 170,212 68,1*10 
1928 2,078,000 367,599 86,653 196,579 81*,367 
1929 2,006,000 357,870 86,057 189,166 82,61*7 
1930 2,OIL,000 361*,131 90,026 189,517 8k,588 
1931 1,61*6,000 298,581* 75,716 153,736 69,132 
1932 1,129,000 202,768 52,611 102,513 1*7,61*1* 
1933 1,372,000 21*8,608 61*,1*81* 121*,1*1*0 59,682 
1931* 1,1*16,000 260,827 67,260 129,1*22 6l*,ll*5 
1935 l,60l*,000 298,31*5 76,511 11*6,606 75,228 
1936 1,686,000 320,677 81,771 157,135 81,771 
1937 2,016,000 387,1*76 98,381 189,706 99,389 
1938 1,81*8,000 362,393 91,1*76 177,223 93,691* 
1939 2,026,000 1*01*, 795 100,895 200,169 103,731 
19l*0 2,062,000 1*21,885 100,007 217,953 103,925 
191*1 2,21*7,000 1*59,518 109,651* 237,957 111,907 
191*2 2,1*91*,000 511,020 98,011* 278,330 131*,676 
19U3 2,612,000 531,51*2 112,316 276,350 11*2,876 
191*1* 2,71*6,267 531,569 110,533 301,81*2 119,191* 
191*5 2,881,1*1*2 551,251* 111*,361 300,028 136,865 
191*6 3,277,933 61*7,730 128,1*33 356,232 163,065 
191*7 3,39U,826 675,066 135,616 368,635 170,815 
191*8 3,1*15,517 681,789 138,208 369,91*0 173,61*1 
191*9 3,676,1*70 750,1*70 158,851 388,956 202,663 
1950 3,633,228 869,912 169,189 383,532 217,191 
1951 3,91*0,217 81*8,670 186,21*8 397,539 261*, 883 
1952 U,11*2,91*7 933,058 215,705 1*08,61*2 308,711 
1953 I*,036,1*60 929,255 227,218 389,381* 312,653 
1951* 3,831,122 899,065 226,890 356,276 315,899 
1955 3,782,170 917,1*55 230,079 351,205 336,171 
1956 3,691,000 915,000 
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Table 17» Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 5, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients 
1926 2,63k,000 kk6,990 
1927 2,335,000 1*01,620 
1928 2,821,000 1*99,036 
1929 2,731,000 1*87,210 
1930 2,811,000 508,229 
1931 2,121*,000 385,291* 
1932 1,390,000 21*9,61*1* 
1933 1,637,000 296,625 
193k 1,902,000 350,319 
1935 2,071,000 385,206 
1936 2,292,000 1*35,938 
1937 2,850,000 5U7,770 
1938 2,518,000 1*93,780 
1939 2,1*36,000 1*86,713 
191*0 2,602,000 532,369 
19U1 2,782,000 568,920 
19k2 2,81*1*, 000 582,735 
19k3 3,593,000 731,175 
19% 3,576,910 669,671 
19k5 3,1*7^,739 659,638 
191*6 3,915,336 71*1*,Loi* 
19U7 3,938,868 756,358 
W 3,999,763 765,165 
191*9 I*,198,011 807,351 
1950 I*,080,292 788,058 
1951 1*,578,863 917,225 
1952 1*,712,902 960,967 
1953 1*, 77k, 899 881*, 207 
1951* 1*,678,330 9Ol*,9H* 
1955 It, 59k,U50 I,0l5,k8k 
1956 k,382,000 1,012,591 
Nitrogen acid Potash 
(Unit: tons) 
100,092 2k5,k89 101,k09 
92,933 220,191 88,k96 
117,636 266,867 Ilk,533 
117,160 257,533 112,517 
125,652 26k,515 118,062 
97,70k 198,382 89,208 
6k,77k 126,212 58,658 
76,939 Ik8,k76 71,210 
90,3k5 173,8k3 86,161 
98,787 189,289 97,130 
111,162 213,61k 111,162 
139,080 268,185 lk0,505 
12k,6kl 2l*l,k76 127,663 
121,313 2k0,677 12k,723 
126,197 275,031 131,11*1 
135,762 29k,61k 138,5a 
111,769 317,390 153,576 
I5k,k99 380,139 196,537 
186,721 311,033 171,917 
180,6k3 296,k73 182,522 
191,937 31*3,932 208,535 
197,030 350,22k 209,10k 
212,318 3k7,l60 205,687 
217,265 358,009 232,077 
21k,233 3k5,8l8 228,007 
250,251 381,262 285,712 
271,653 378,832 310,k82 
290,720 267,512 325,975 
310,072 266,97k 327,868 
326,663 3k9,387 339,k3k 
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Table 18. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 6, 1926-19$6, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 518,000 87,905 19,681* 1*8,278 19,91*3 
1927 387,000 66,56U 15,1*03 36,1*91* 11*,667 
1928 603,000 106,671 25,11*5 57,01*1* 21*,1*82 
1929 659,000 117,566 28,271 62,lU* 27,151 
1930 738,000 133,1*30 32,988 69,W*6 30,996 
1931 353,000 61*,03I* 16,238 32,970 ll*, 826 
1932 151,000 27,120 7,037 13,711 6,372 
1933 188,000 31*,065 8,836 17,051 8,178 
193k 280,000 51,576 13,300 25,592 12,681* 
1935 31*7,000 61*,51*2 16,552 31,716 16,271* 
1936 1*05,000 77,032 19,61*3 37,71*6 19,61*3 
1937 551,000 105,901 26,888 51,31*9 27,161* 
1938 51*3,000 106,1*82 26,878 52,071* 27,530 
1939 553,000 110,1*88 27,539 5U,636 28,313 
191*0 578,000 U8,259 28,033 66,095 29,131 
19U1 675,000 138,038 32,91*0 71,1*83 33,615 
191*2 690,000 11*1,381 27,117 77,001* 37,260 
191*3 932,000 189,262 1*0,076 98,606 50,580 
19UU 881,937 189,131 83,232 75,788 30,111 
19U5 859,750 165,877 61,372 73,826 30,679 
191*6 1,055,789 222,933 93,631 88,586 1*0,716 
19U7 1,153,829 21*8,785 110,051 100,031 38,703 
191*8 1,198,262 255,859 109,306 103,360 1*3,193 
19L9 1,272,333 300,101* 129,939 115,633 51*,532 
1950 1,233,837 310,1*82 150,193 102,371* 57,915 
1951 1,500,785 377,61*5 175,298 116,588 85,759 
1952 1,511*, 705 395,915 182,781 122,51*0 90,591* 
1953 1,1*21,553 387,667 187,019 106,553 91*,095 
1951* 1,1*23,571 1*16,012 213,975 101,882 100,155 
1955 1,375,220 1*10,092 221,1*86 95,050 93,556 
1956 i,565,ooo 1*20,000 
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Table 19. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 7, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 131,000 22,231 k,978 12,209 5,oa 
1927 85,000 lit,621 3,383 8,016 3,222 
1928 153,000 27,066 6,380 lk,k7k 6,212 
1929 201,000 35,858 8,623 18,95k 8,281 
1930 152,000 27,481 6,79k lk,303 6,38k 
1931 72,000 13,061 3,312 6,725 3,02k 
1932 37,000 6,6U5 1,72k 3,360 1,561 
1933 37,000 6,70k 1,739 3,356 1,609 
193k 61,000 11,236 2,898 5,575 2,763 
1935 69,000 12,38U 3,291 6,307 3,236 
1936 72,000 13,69k 3,k92 6,710 3,k92 
1937 97,000 18,6a k,73k 9,128 k,782 
1938 92,000 18,oia k,55k 8,823 k,66k 
1939 iok,ooo 20,779 5,179 10,275 5,325 
19k0 127,000 25,985 6,160 13,k2k 6,k01 
19kl 160,000 32,720 7,808 16,9a 7,968 
19U2 163,000 33,399 6,k06 18,191 8,802 
19k3 227,000 36,195 9,761 2k,017 12,kl7 
19kk 2ll2,l58 U8,75l 12,512 29,719 6,520 
19U5 301,072 59,652 15,566 36,k53 7,633 
19U6 U08,6lU 82,681 21,010 51,269 I0,k02 
19k7 507,605 98,805 21,851 65,829 11,125 
19k8 539,815 107,8a 21,k6k 7k,561 11,819 
19U9 581,717 120,930 2k,361 83,181 13,388 
1950 69k,801 150,311 31,599 101,898 16,81k 
1951 755,807 172,381 k3,5l8 107,250 21,613 
1952 788,019 188,531 58,501 103,83k 26,196 
1953 717,WtO 189,11k 67,767 96,395 2k,952 
195U 705,985 196,083 80,10k 91,557 2k,k22 
1955 713,286 216,lk3 86,377 102,k5l 27,315 
1956 1,025,000 230,000 
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Table 20, Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 8, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 9,000 1,528 3k2 839 3k7 
1927 9,000 1,5U8 358 8k9 3kl 
1928 10,000 1,769 . kl7 9k6 k06 
1929 12,000 2,lia 515 1,132 k9k 
1930 9,000 1,627 k02 8k7 378 
1931 5,000 907 230 k67 210 
1932 It,000 718 186 363 169 
1933 3,000 516 lkl 272 131 
193k 6,000 1,105 285 5k8 272 
1935 8,000 1,1*88 382 731 375 
1936 12,000 2,282 582 1,118 582 
1937 16,000 3,076 781 1,506 789 
1938 21,000 U,119 l,0k0 2,01k 1,065 
1939 18,000 3,596 896 1,778 922 
19U0 22,000 U,501 1,067 2,325 1,109 
i9Ui 26,000 5,317 1,269 2,753 1,295 
W 32,000 6,557 1,258 3,571 1,728 
19U3 38,000 7,732 1,63k k,020 2,078 
19kk 61t,213 16,951 976 15,321 65k 
19U5 52,237 lit,010 86k 11,982 1,16k 
19k6 81,796 21,538 3,2k6 16,230 2,062 
19k7 lk7,773 3k,961 8,215 2k,059 2,687 
19U8 167,713 kl,ook 9,556 28,k87 2,961 
19U9 182,032 k7,kk7 11,771 31,850 3,826 
1950 228,0U9 69,275 21,508 kk,010 3,757 
1951 276,U32 85,198 27,816 53,566 3,816 
1952 3kk,568 110,290 k0,8lk 6k,362 5,11k 
1953 Ut2,6U9 156,997 65,886 82,6kk 8,k67 
195U k92,689 190,5kk 93,193 90,182 7,169 
1955 5U3,663 215,k97 105,868 102,k53 7,176 
1956 508,000 220,000 
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Table 21. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 9, 1926-1956, 
(22) 
Commercial Total plant Phosphoric 
Year fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
1926 It,000 679 152 373 15k 
1927 It, 000 688 159 377 152 
1928 It,000 707 167 378 162 
1929 10,000 1,782 k2 9 9k3 1*10 
1930 10,000 1,808 kk7 9kl k20 
1931 17,000 3,08k 782 1,588 71k 
1932 11,000 1,976 513 999 k6k 
1933 8,000 1,1*50 376 726 3k8 
193k 10,000 l,8k2 k75 91k k53 
1935 15,000 2,791 716 1,371 70k 
1936 19,000 3,615 922 1,771 • 922 
1937 28,000 29,09k 1,366 26,3k8 1,380 
1938 31,000 32,836 1,535 29,729 1,572 
1939 30,000 32,670 l,k9k 29,6k0 1,536 
19U0 32,000 36,989 1,552 33,82k 1,613 
19U1 36,000 1*1,638 1,757 38,088 1,793 
19U2 39,000 k7,l63 1,533 k3,52k 2,106 
19k3 5k,000 62,k08 2,322 57,132 2,95k 
19kk 116,722 30,012 k,931 2k, 303 . 778 
19k5 133,81*5 33,812 6,k02 26,192 1,218 
19U6 179,737 k6,8o8 11,97k 33,393 1,10*1 
1917 207,815 50,877 I5,2k5 33,576 2,056 
19U8 221,998 55,926 16,018 37,665 2,2k3 
191*9 183,761 k9,791 lk,007 33,kkk 2,3kO 
1950 205,369 63,6l*k 22,125 39,275 2,2l*k 
1951 280,878 91,16k 1*1,068 k7,688 2,k08 
1952 322,69k 101,652 k7,3kO 51,922 2,390 
1953 363,03k 112,870 58,3k6 52,263 2,261 
195k 393,237 126,62k 65,312 59,16k 2,lk8 
1955 k25,kÔ9 138,026 75,513 59,81*1 2,672 
1956 39k,000 11*1,000 
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Table 22. Quantities of commercial fertilizer, total plant nutrients, 
nitrogen, phosphoric acid, and potash in region 10, 1926-1956, 
(22) 
Year 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
193k 
1935 
1936 
1937 
1938 
1939 
19U0 
i9ia 
19h2 
19JU3 
19m 
I9k5 
19%6 
19k7 
19U8 
19k9 
1950 
1951 
1952 
1953 
195U 
19# 
1956 
Commercial Total plant Phosphoric 
fertilizer nutrients Nitrogen acid Potash 
(Unit: tons) 
Ilk,000 20,06k k,788 10,602 k,67k 
126,000 22,176 5,292 11,718 5,166 
lk7,000 25,872 6,17k 13,671 6,027 
163,000 29,080 6,993 15,371 6,716 
176,000 31,821 7,867 16,562 7,392 
161,000 29,205 7,k06 15,037 6,762 
lk9,000 26,596 6,9k3 13,k25 6,228 
153,000 27,6k9 7,191 13,877 6,581 
179,000 32,901 8,k85 16,325 8,091 
213,000 k5,79l 11,736 22,k91 11,56k 
2k5,ooo k6,257 11,932 22,516 11,809 
280,000 53,536 13,7k8 25,900 13,888 
253,000 k9,006 12,650 23,352 13,00k 
260,000 50,5a 13,10k 23,8k2 13,598 
267,000 53,035 13,813 2k,831 lk,391 
320,000 6k,320 17,216 29,600 17,50k 
368,000 7k,0k2 17,259 35,1+02 21,381 
k96,113 101,260 51,350 35,kOk lk,506 
88k,503 lk2,669 73,025 5k,ok6 15,598 
1,10k,293 162,235 77,09k 62,097 23,oa 
1,326,105 211,990 111,987 76,150 23,853 
l,kk8,776 219,k30 120,568 78,029 20,833 
1,33k,333 205,k85 109,929 7k,509 21,Ok7 
1,227,852 200,967 10k,857 7k,161 21,9k9 
l,21k,5kk 221,083 123,351 75,218 22,51k 
1,659,337 285,729 171,255 89,227 25,2k7 
1,839,057 298,033 185,807 87,5k0 2k,686 
2,02k,087 329,903 207,382 9k,680 27,8kl 
1,87k,637 35k,638 23k,8k8 91,753 28,037 
2,20k,877 392,795 26k,821 97,182 30,792 
2,231,000 kl6,000 
nu 
Table 23. Index of crop prices in the ten regions,a 1925-1955 
Region 
Year 1 2 JL JL JL Jl JL JL 10 
(1910-ih = loo) 
1925 135 171* 115 lk7 120 151 162 135 iko 165 
1926 131 188 116 iko 99 119 107 135 119 iko 
1927 121 22k 117 lk7 Ilk 138 iia 117 117 138 
1928 123 262 Ilk 163 12k 136 130 108 119 15k 
1929 119 253 Ilk 15k 109 13k 129 119 127 131 
1930 117 221* 102 133 93 115 88 79 88 lk9 
1931 96 NA 71 89 53 63 k8 63 76 97 
1932 71* 71 k7 70 k7 52 37 35 k9 78 
1933 81 100 72 88 76 81 80 72 72 7k 
193k 100 171* 132 122 95 112 118 IkO lOit 93 
1935 100 226 76 120 80 95 95 91 88 89 
1936 100 221* 128 lkB 110 120 12k lk5 109 102 
1937 110 279 8k 137 82 82 92 103 95 117 
1938 83 135 6k 106 72 77 71 68 66 72 
1939 86 129 7k 102 86 83 8k 79 77 7k 
191*0 91 168 7k 109 80 85 73 85 76 81 
19kl 97 191 106 lk3 105 115 120 107 96 9k 
191*2 119 232 113 187 iko 139 138 117 117 127 
19U3 na 29k 165 225 171 179 177 166 159 207 
1914* 168 321 167 2k0 177 183 170 163 161 233 
19U5 190 315 169 2k0 178 187 185 175 166 228 
191*6 200 ko6 199 259 216 231 2kk 216 208 2k0 
191*7 200 556 272 285 2k5 268 282 293 236 186 
191*8 201 5kk 197 298 207 211 2k2 228 217 166 
191*9 20k 338 191 253 179 218 218 217 207 196 
1950 200 39k 225 276 21k 271 259 239 222 19k 
1951 20k k85 218 308 219 28k 276 25k 263 181 
1952 221 k85 209 310 226 297 268 260 256 191 
1953 218 k21 177 308 203 260 256 2k3 219 209 
1951* 220 1*29 196 293 209 253 25k 2k3 229 219 
Î955 203 379 18k 281 199 2U0 26k 229 225 212 
T^his is explained in footnote 1 on page 21. 
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Table 2ko Index of crop prices deflated by U. S. general wholesale 
price index, 1925-55 
Region 
Year 123U56789 10 
1925 89 115 76 97 79 100 107 89 93 109 
1926 90 129 79 96 68 82 73 92 82 96 
1927 87 161 8k 106 82 99 101 8k 8k 99 
1928 87 186 81 116 88 96 92 77 8k 109 
1929 86 182 82 111 78 96 93 86 91 9k 
1930 93 178 81 106 7k 91 70 63 70 118 
1931 90 132 66 83 50 59 k5 59 71 91 
1932 78 75 k9 7k 59 55 39 37 51 82 
1933 8k 10k 75 92 79 8k 83 75 75 77 
193k 92 160 121 112 87 103 108 128 95 85 
1935 85 193 65 103 68 81 81 78 75 76 
1936 85 190 108 125 93 102 105 123 92 86 
1937 87 221 67 109 65 65 73 82 75 93 
1938 72 117 56 92 63 67 62 59 57 63 
1939 76 Ilk 65 90 76 73 7k 70 68 65 
19k0 79 lk6 6k 95 70 7k 72 7k 66 70 
19kl 76 150 83 113 83 91 9k 8k 76 7k 
19k2 83 l6l 78 130 97 97 96 81 81 88 
19k3 93 195 109 lk9 113 119 117 110 105 137 
19kk 111 211 110 158 116 120 112 107 106 153 
19k5 125 203 109 155 115 121 119 113 107 lk7 
19k6 120 230 112 lk6 122 131 138 122 118 136 
19k7 90 250 123 128 110 121 127 132 106 8k 
19k8 83 226 82 12k 86 88 100 95 90 79 
19k9 90 150 85 112 79 96 96 96 92 87 
1950 85 167 95 117 91 115 110 101 9k 82 
1951 76 18k 83 117 83 108 105 97 100 69 
1952 86 189 82 121 88 116 105 102 100 75 
1953 86 166 70 122 80 103 101 96 87 83 
195k 87 170 77 116 83 100 100 96 91 87 
1955 80 150 73 111 79 95 10k 91 89 8k 
Table 25. Cash receipts from farming in regions 1, 2, 3r 7, and 8 and cash receipts from crops plus g averment 
payments in regions 4, 5, 6, 9» and 10» 1925-55, (22) 
Region 
Year 1 2 3 4 5 6 7 8 9 10 
1925 1,130,108 2,210,764 1,012,534 605,226 578,331 599,535 970,678 1,223,031 302,061 576,582 
1926 1,078,964 2,200,098 1,022,299 567,784 495,503 417,648 951,032 1,162,624 274,205 563,779 
1927 1,068,168 2,034,534 993,124 593,550 562,304 454,372 1,039,900 1,272,346 335,686 630,799 
1928 1,045,964 2,117,584 1,010,232 579,445 510,997 464,805 1,093,768 1,259,830 292,094 612,565 
1929 1,387,062 2,508,192 1,201, 216 616,797 591, 269 542,945 1,101,358 1,377,885 301,208 677,634 
1930 1,228,255 2,043,679 995,667 429,525 473,272 281,775 763,231 1,067,881 229,378 522,958 
1931 951,856 1,497,800 710,384 337,681 309,382 247,463 594,461 700,242 120,747 373,833 
1932 735,429 1,122,107 521,782 270,757 236,056 187,465 483,176 489,328 100,695 323,715 
1933 819,845 1,257,270 582,744 413,596 329,589 240,987 693,091 570,655 145,824 379,578 
1934 866,419 1,530,900 679,737 512,797 431,879 324,196 620,243 658,756 172,165 468,755 
1935 1,009,892 1,889,309 835,816 496,129 461,246 342,251 760,548 767,667 201,707 491,092 
1936 1,026,686 1,997,171 906,708 408,039 436,702 400,084 661,540 833,543 216,484 556,137 
1937 1,208,662 2,274,926 1,080,762 503,897 451,297 372,374 952,985 897,550 238,338 612,768 
1938 1,110,419 2,153,170 959,905 452,619 394,183 357,956 813,704 749,772 212,477 461,798 
1939 1,030,760 2,063,513 876,681 431,951 406,408 363,664 771,577 803,631 237,147 509,143 
1940 1,086,198 2,227,373 989,654 432,730 416,287 321,755 794,016 867,232 245,445 577,969 
1941 1,283,137 2,904,232 1,258,311 586,105 470,215 473,365 1,047,273 1,140,270 324,813 790,457 
1942 1,619,087 4,027,418 1,713,808 797,685 664,914 656,927 1,451,624 1,693,356 436,152 1,074,949 
1943 2,042,269 4,867,535 2,096,911 860,587 846,434 680,163 1,645,106 2,248,418 582,065 1,538,362 
1944 2,143,898 4,724,733 2,120,990 1,079,272 975,268 742,918 1,716,602 2,113,316 579,170 1,21.0,359 
1945 2,440,422 5,000,778 2,277,919 1,169,940 1,004,441 662,430 1,792,503 2,486,195 684,339 1,846,825 
1946 2,642,792 5,926,223 2,775,489 1,333,596 1,110,323 721,051 1,930,457 2,804,581 770,835 2,070,199 
1947 3,013,726 7,452,935 3,117,684 1,450,169 1,141,512 976,235 2,604,591 3,692,223 983,052 2,011,913 
1948 3,298,650 7,249,054 3,227,016 1,436,879 1,165,736 1,052,002 2,650,098 3,507,639 1,003,559 1,934,348 
1949 2,882,854 6,748,759 2,815,719 1,267,681 1,072,093 1,016,437 2,682,021 3,041,757 961,474 1,789,845 
1950 2,865,958 6,811,467 2,865,959 1,373,908 1,184,006 942,089 2,745,402 3,069,238 967,075 2,064,591 
1951 3,268,309 7,745,388 3,156,743 1,569,987 1,394,861 1,037,937 2,915,041 3,461,698 989,748 2,293,429 
1952 3,287,287 7,536,212 3,163,595 1,561,410 1,353,589 1,120,814 2,874,192 3,438,353 1,093,817 2,285,658 
1953 3,201,817 7,762,249 3,065,446 1,458,023 1,356,064 1,203,557 2,516,492 3,116,367 1,155,758 2,298,331 
1954 2,965,764 7,528,575 2,943,570 1,507,995 1,189,458 1,030,437 2,494,403 3,060,688 1,052,810 2,226,180 
1955 2,910,429 6,783,430 2,877,970 1,468,377 1,396,880 1,046,275 2,399,780 2,934,199 963,803 2,279,397 
Table 26. Total acreage of cropland in the ten regions, 1926-56, (22) 
Region 
Year 1 2 3 4 5 6 7 8 9 K> 
( 1,000 acres) 
1926 218,140 76,637 35,625 24,985 22,520 17,319 46,157 74,141 20,187 10,764 
1927 217,930 74,331 35,471 23,967 22,190 15,861 44,063 78,753 20,664 10,979 
1928 214,150 75,573 35,119 24,044 22,183 17,469 45,737 79,658 21,390 11,050 
1929 213,270 75,231 35,180 24,243 22,205 17,538 46,293 81,428 21,951 11,309 
1930 190,620 74,093 35,272 22,125 21,756 17,745 46,517 86,040 23,365 11,174 
1931 189,800 76,511 35,699 22,810 21,406 17,636 48,092 79,259 19,635 10,708 
1932 188,010 74,717 35,810 22,069 21,346 17,426 45,688 85,527 21,979 11,315 
1933 187,720 71,139 35,542 21,737 19,018 15,336 39,536 69,179 21,323 10,882 
1934 188,400 63,380 32,718 21,418 21,366 15,208 39,345 47,510 15,533 10,695 
1935 191,490 68,606 36,709 21,444 22,417 15,319 40,443 72,534 19,647 11,393 
1936 196,070 73,844 36,537 22,736 25,005 IB,215 37,818 53,485 17,009 11,729 
1937 198,370 76,058 37,423 24,080 25,806 18,944 41,841 66,461 18,417 12,009 
1938 197,220 73,978 36,846 23,290 25,457 17,743 39,549 72,345 21,100 11,714 
1939 194,170 70,959 36,494 23,048 25,154 17,282 37,865 64,774 19,128 11,327 
1940 195,400 71,925 36,987 23,187 25,265 17,468 39,034 68,215 20,278 11,928 
1941 185,970 71,131 36,386 22,690 21,273 17,770 39,739 72,850 21,990 12,105 
1942 186,750 72,837 36,237 23,791 21,171 17,822 39,134 74,048 21,773 12,580 
1943 183,180 74,765 36,308 24,200 21, 233 17,469 40,857 78,147 22,483 12,841 
1944 191,410 76,077 36,997 23,846 19,652 16,736 42,578 79,961 22,390 13,242 
1945 192,240 75,029 38,142 22,525 15,986 15,268 39,596 81,415 22,976 13,320 
1946 192,040 76,231 37,594 21,878 18,564 15,025 40,227 79,468 23,125 13,614 
1947 185,130 74,213 36,942 22,203 18,787 15,511 42,525 81,613 24,699 13,893 
1948 189,470 78,492 37,773 22,105 18,466 15,804 41,165 79,637 25,749 14,259 
1949 188,390 79,213 38,077 22,301 18,764 15,596 43,427 80,037 26,247 14,365 
1950 137,860 77,780 37,366 21,151 17,476 14,557 36,372 78,428 24,934 14,189 
1951 172,580 76,303 37,510 21,011 16,631 14,044 35,600 78,469 24,976 13,991 
1952 172,090 77,818 37,325 20,805 16,657 13,979 35,441 81,666 25,688 24,346 
1953 172,510 78,755 37,460 20,871 16,940 13,740 34,584 80,635 26,220 14,707 
1954 170,150 78,280 37,601 20,231 15,482 13,422 35,856 80,851 23,658 14,556 
1955 165,100 78,595 36,458 22,778 14,054 13,931 35,200 78,320 23,521 14.051 
1956 155,120 79,771 36,254 20,157 14,134 10,541 31,980 77,571 25,511 18,415 
